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INTRODUCTION 


This  constitutes  the  final  report  for  the  OASD,  Communications 
Command,  Control  and  Intelligence  Contract  Number  MDA  903  77  C 0263, 
"Telephone  Switching  Technology  Survey."  The  draft  report  was 
submitted  to  OASD,  CCCI  for  review  and  the  suggested  changes  have 
been  incorporated  into  this  final  version. 


A.  SCOPE  AND  OBJECTIVES 

The  primary  objective  of  this  study  was  to  provide  a compre- 
hensive survey  of  fully  electronic  telephone  switching  equipment 
which  will  be  available  as  proven  systems  in  the  early  1980 's.  The 
equipment  was  to  be  evaluated  against  the  general  specifications  of 
DOD  general  and  special  purpose  tactical  and  nontactical,  fixed  and 
transportable  switching  requirements.  The  limitations  of  such 
equipment  to  meet  these  requirements,  and  the  indication  of  the 
difficulty  and  likely  delays  in  modifying  the  equipment  to  meet  DOD 
reauirements  are  to  be  defined. 


Equipments  in  the  general  size  range  of  approximately  100  to 
5,000  subscriber/trunk  lines  were  included  within  this  scope.  Empha- 
sis was  to  be  given  to  equipment  developed  by  major  free  world  tele- 
communication manufacturers  with  proven  histories  in  the  telephone 
switching  field.  Equipment  was  to  be  described  technically  with 
emphasis  on  their  ability  to  pass  up  to  64  kilobits  per  second 
(Kbps)  digital  data  speeds,  signalling  compatibility,  reliability 
and  maintainability,  as  related  to  DOD  requirements.  Operational 
capabilities  were  to  be  described  to  include  ease  of  modification 
for  U.S.  DOD  and  NATO  applications.  Additionally,  a more  comprehen- 
sive listing  of  minor  manufactured  equipments  likely  to  be  in  ser- 
vice by  the  1980 's  is  to  be  cataloged  and  briefly  described. 


B.  LIMITATIONS 


Several  major  limitations  of  the  existing  report  should  be 
identified.  These  include; 

o Analysis  of  software  capabilities  to  implement 
military  subscriber  and  system  features  has  not 
been  adequately  covered,  although  the  suppliers 
have  indicated  their  ability  (or  lack  of  ability) 
to  easily  implement  these  features  within  each 
system  included  in  the  survey. 

o Not  all  systems  which  we  were  able  to  identify 
have  been  included  in  the  survey,  because  of  a 
lack  of  responsiveness  from  certain  manufacturers. 

One  major  reason  for  this  delay  is  a lack  of  under- 
standing of  the  vocabulary  utilized  for  military 
switching  systems  on  the  part,  of  commercial  PABX 
manufacturers. 

o Initial  procurement  cost  estimates  which  are  included 
in  this  report  are  based  upon  larger  size  switching 
systems  that  are  anticipated  for  procurement  by  the 
military.  These  are  the  only  cost  estimates  which 
were  available  for  Dittberner  Associates  for  incorpor- 
ation in  this  report,  and  were  developed  for  a major 
multiclient  study  effort  conducted  previously.  However, 
our  contract  did  not  specifically  call  for  any  cost 
estimates . 
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C.  OVERVIEW  OF  RESULTS 


The  most  general  statement  of  results  ..hich  can  be  made  is  that 
we  were  pleased  to  find  that  a number  of  commercial  PABX  and  small 
central  office  systems  were  capable  of  meeting  a majority  of  the 
identified  needs  for  DOD  switching  programs  now.  We  also  discovered 
that : 

o Small  switching  systems  (PARK)  in  the  size  range 
from  50  to  500  lines  are  being  aggressively  at- 
tacked by  a number  of  major  manufacturers  with 
space  division  analog  all  electronic  technology. 

o For  the  size  range  above  roughly  500  lines,  all 
digital  PCM  technology  is  dominating  the  field, 
with  new  announcements  of  systems  being  made  al- 
most on  a monthly  basis. 

o Pulse  amplitude  modulated  systems  and  pulse  width 
modulated  systems  for  larger  PAEX  applications 
are  selling  well,  are  achieving  more  field  exper- 
ience than  PCM  systems  of  eouivalent  size,  and 
appear  to  be  performing  adequately.  However, 
there  is  substantial  evidence  that  these  technol- 
ogies will  peak  out  within  the  next  five  years, 
and  gradually  be  replaced  with  either  solid  state 
analog  or  PCM  all-electronic  technologies. 

One  of  the  major  problems  identified  is  the  inability  of  nearly 
all  of  the  current  digital  electronic  systems  surveyed  to  deal  ef- 
fectively with  the  CVSD  voice  switching  problem.  To  meet  this  re- 
quirement, the  solid  state  analog  space  division  technology  now 
appears  to  be  more  attractive.  Significant  problem.s  also  exist  in 
the  design  of  interfaces  to  permit  all-digital  electronic  tech- 
nologies to  process  up  to  64  kilobits  per  second  digital  bit  streams 
These  are  not  considered  to  be  insolublt  technical  problems,  but 
rather  ones  involving  modest  development  investment  for  specialized 
interfaces  to  handle  synchronization,  and  bit  stuffing  for  speeds 
lower  than  64  kilobits  per  second.  Here  again,  the  solid  state 
analog  time  division  technologies  have  no  problem  passing  up  to  64 
kilobits  per  second  through  the  system,  although  only  a few  such 
switches  provide,  in  their  current  matrix  design,  the  necessary 
four-wire  facilities  typically  required. 
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However,  we  should  like  to  point  out  that  there  are  substantial 
advantages  in  adopting  PCM  technology  for  certain  of  these  military 
needs,  particularly  for  the  NCS  work  on  post  attack  reconstitution 
of  the  U.S.  DDD  network,  in  terms  of  its  capability  to  interface 
easily  and  effectively  with  the  public  dialed  network  in  the  United 
States.  It  would  appear  that  many  manufacturers  will  be  producing 
PCM  technology  capable  of  dealing  effectively  with  either  24-  or  30- 
channel  PCM  carrier  systems  in  the  near  future.  For  programs,  such 
as  the  European  Telephone  System,  and  related  programs,  the  use  of 
PCM  technology  appears  highly  desirable,  even  ti ough  there  may  not 
be  a requirement  to  interface  with  any  significant  number  of  digital 
carrier  systems. 

Most  manufacturers  appear  to  be  optimistic  concerning  the 
interface  with  a wide  range  of  signaling  systems,  through  the  deve- 
lopment of  specialized  line/trunk  interface  hardware,  and  appro- 
priate software  modifications.  We  have  been  able  to  identify  a 
number  of  changes  which  could  be  easily  implemented  by  the  commer- 
cial switching  system  manufacturers  to  substantially  increase  the 
availability  of  their  commercial  design  systems.  In  general,  we 
believe  that  most  of  the  commercial  systems  covered  in  this  survey 
could  be  upgraded  to  meet  a realistic  specification  for  the  trans- 
portable van-mounted  application,  and  clearly  are  adequate  for 
benigned  fixed  installations.  These  improvements  in  commercial 
design  philosophy  would  include; 

o The  use  of  ceramic-coated  integrated  circuit  packages. 

o Additional  fungus  protection  on  printed  circuit  boards 
and  components,  together  with  fungus  resistance  con- 
nectors. 

o Use  of  duplicated  main  data  bus  (a  high  cost  modifica- 
tion for  systems  not  already  incorporating  this  capa- 
bility), likely  with  an  on-site  spare  processor. 

o Use  of  any  one  of  the  standard  forms  of  redundant 
common  controls  utilized  in  commercial  practice. 

o Provision  of  additional  switching  matrix  modules  for 
certain  segments  of  the  switching  matrix,  which  could 
be  manually  cable-connected  in  the  event  of  a major 
failure  in  the  active  matrix  module. 

o The  use  of  a computer-grade  un inter ruptable  power 
supply  for  the  smaller  PABX  systems  which  cannot 
operate  from  a 48  volt  battery. 
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SURVEY  OF  SMALL  ELECTRONIC  TELEPHONE  SWITCHES 


A.  SWITCHING  NETWORK  TECHNOLOGIES 

The  switches  covered  by  this  report  are  all  "fully  electronic" 
systems.  This  expression  means  that  not  only  the  common  control  is 
implemented  entirely  with  solid  state  technology  (all  of  the  systems 
actually  use  "stored  program"  common  control  technology) , but  also 
the  switching  network  (matrix)  is  built  from  solid  state  components. 
By  definition,  this  excludes  any  switches  with  metallic  crosspoints 
(relays,  crossbar  etc.).  All  of  these  switches  have  been  designed 
specifically  for  applications  ranging  from  public  telephone  networks 
to  private  corporate  voice  networks  and  commercial  PABX  functions. 
None  of  the  switches  were  initially  designed  for  a military  environ- 
ment, though  some  of  them  have  been  adapted  for  specialized  military 
usage. 

Therefore,  these  systems  are  intended  to  work  with  the  follow- 
ing  types  of  signals; 

o Normal  telephone  analog  voice,  as  well  as  analog 
modem  signals. 

o In  the  case  of  PCM  switches,  multiplexed  digital 
trunk  signals,  either  in  the  Bell  Tl  (1.544 
megabits  per  second)  format  or  in  the  European 
CEPT  format  (2.048  megabits  per  second). 

o Switching  of  digital  data,  though  possible  with 
some  systems,  or  relatively  easily  implemented  in 
others,  has  not  been  emphasized  by  the  designers, 
since  there  have  been  very  few  applications  for 
switching  of  data  in  public  or  commercial  voice 
networks  as  of  yet. 

Further,  the  standards  presently  adopted  for  the  public  network  (and 
used  in  all  commercial  networks)  do  not  have  provisions  for  individ- 
ually encoded  nonmultiplexed  PCM  voice  signals.  Analog  subscriber 
lines  or  trunks  are  converted  to  PCM  either  at  the  entrance  to  the 
switch  or,  in  some  cases,  at  a remote  multiplexer.  Transmission 
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between  the  multiplexer  and  Vhe  PCM  switch  is  always  through  a time- 
division  multiplexed  line,  using  a format  similar  to  that  of  the  Tl/ 
D2  multiplexed  trunk.  Further,  there  is  no  "PCM  digital  telephone" 
(telephone  instrument  with  built-in  CODEC)  in  any  public  or  commer- 
cial network. 

Military  telephone  systems  in  many  cases  have  to  handle  a great 
variety  of  signals.  The  most  common  types  are: 

o Normal  analog  telephone  voice  signals,  as  well 
as  analog  modem  signals. 

o CVSD  encoded  voice,  either  at  32  Kbps  or  at 

16  Kbps,  requiring  usually  four-wire  subscriber 
circuits . 

o Newer  modes  of  encoded  (and  encrypted)  voice,  at 
2.4  Kbps  and,  possibly  at  other  speeds,  some 
requiring  four-wire  loops. 

o Six-bit  PCM,  including  certain  types  of  secure 
voice  equipment,  with  50  Kbps,  using  four-wire 
loops. 

o Various  data  transmission  speeds  and  formats. 

o Eight-bit  PCM  according  to  the  North  American 
Standard  is  not  used  to  any  great  extent  as  of 
today. 

For  the  purpose  of  this  report,  it  was  agreed  upon  to  focus  on 
transmission  of  analog  voice  and  digital  data  rates  of  2.4,  4.8, 
7.2  , 9.6  , 16  , 32  , 50  and  64  Kilobits  per  second  through  the 
switches.  These  data  rates  include  all  those  used  for  CVSD  and 
other  military  voice  encoding  schemes. 

Multiplexed  CVSD 

All  commercial  PCM  switches  have  ports  on  their  digital  switch- 
ing networks  which  accept  either  T1/D2-D3  (24  channel)  or  CEPT  (30 
channel)  multiplexed  trunks  directly,  i.e.  without  external  demulti- 
plexing. The  switching  network  performs  the  function  of  connecting 
any  individual  channel  within  any  port  with  any  other  channel  of  the 
same  or  of  a different  port  (or  with  a local  subscriber  loop). 

Though  various  multiplexing  schemes  are  in  use  with  CVSD 
throughout  the  range  of  military  telephone  networks,  few  can  be 
used  with  any  of  the  switches  covered  in  this  report,  or  with  any 
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commercial  switch  which  we  are  aware  of,  without  first  demultiplex- 
ing of  the  CVSD  multiplexed  channel.  PCM  switches  are  limited  to 
the  Tl  or  CEPT  format  (which  are  entirely  different  from  any  estab- 
lished CVSD  multiplexing  standard) . All  other  switches  (non-PCM) 
lack  the  ability  to  handle  individual  channels  of  any  digitally 
multiplexed  signal  separately.  Some  of  them,  however,  might  be  able 
to  transmit  an  entire  CVSD  multiplex  through  the  switch  without 
changes  to  the  bit-sequence  or  content  of  the  individual  channels. 

It  should  be  pointed  out  that  military  telephone  systems  make 
use  of  leased  (or,  possibly,  owned)  Tl  carrier  lines  in  many 
instances.  However,  the  usual  type  of  operation  is  based  on  special 
military  multiplexing  equipment,  which  allows  transmission  of  many 
different  types  of  digital  data,  such  as  CVSD,  data,  and  telex  over 
a line  using  form.ats  quite  different  from  the  Bell  D2-D3  format. 
The  reason  for  this,  as  is  usually  pointed  out,  is  to  make  better 
use  of  the  existing  bandwidth  of  the  Tl  line.  We  are  fully  aware 
that,  especially  in  tactical  situations,  bandwidth  is  much  less 
available  than  in  public  telephone  networks.  But,  we  think  that  it 
might  well  be  worthwhile  to  look  into  the  cost  trade-offs  involved 
in  permanently  installed  military  networks.  Possibly,  the  cost 
involved  with  choosing  the  standard  Bell  System  PCM  format  (which 
requires  more  bandwidth,  but  which  allows  a fully  integrated  PCM 
transmission  and  switching  system)  is  not  higher  than  that  of  a 
system  which  needs  special  multiplexing  and  demultiplexing  equipment 
at  each  switch. 

In  the  following,  the  various  matrix  technologies  used  in  the 
commercial  switches  will  be  discussed  as  background. 

1 . Electromechanical  Crosspoint  Matrix 

Electromechanical  switching  networks  (reed  relay,  crossbar, 
etc.)  are  specifically  excluded  from  the  scope  of  this  report.  How- 
ever, they  are  of  interest  insofar  as  specifications  for  some 
military  switches  seem  to  be  inspired  by  the  knr^wledge  of  the  possi- 
bilities of  such  technology. 

A matrix  built  from  high  quality  crosspoints,  (reed  relay  or 
equivalent)  if  properly  designed,  should  be  easily  capable  of  trans- 


7 


mitting  50  to  100  Khz  or  more.  In  addition  to  voice,  this  allows 
transmission  of  all  of  the  data  speeds  which  are  of  interest. 
Specifically,  such  a switch  would  not  only  be  transparent  to  the 
particular  data  speed,  but  also  to  the  specific  format  (word  length, 
synchronous  or  not,  or  CVSD,  etc.).  In  addition,  the  "line  mode" 
(bipolar,  diphase  or  other)  used  externally  may  be  transmitted 
through  the  switch,  since  the  crosspoints  pass  DC  as  well.  (Dif- 
ferent line  interfaces  for  voice  might  be  required).  However, 
there  are  well  known  maintenance  and  noise  problems  connected  with 
such  crosspoints,  which  have  caused  manufacturers  to  develop  fully 
electronic  switches  instead. 

2 . Space  Division  Analog  Matrix  With  Solid  State  Crosspoints 

In  this  technology  type,  the  metallic  crosspoints  of  a conven- 
tional switching  network  (for  example,  reed  relays)  have  been 
replaced  with  semiconductor  switches.  Most  switches  for  this  pur- 
pose consist  of  SCR ' s (Silicon  Controlled  Rectifier),  four-layer 
diodes  or  related  devices.  One  such  switch  is  required  for  each 
wire  of  the  voice  circuit.  Usually  one  to  four  switches  are  packag- 
ed with  part  of  the  control  circuitry  within  one  package.  SCR's  and 
similar  devices  exhibit  bistable  behavior.  They  either  present  an 
extremely  high  resistance  to  the  signal  path  or,  after  being  "trig- 
gered," a very  low  resistance.  Relatively  involved  control  cir- 
cuitry is  needed  with  each  crosspoint. 

Some  telephone  switches  use  semiconductor  analog  switches 
instead  of  SCR's,  either  of  the  MOS  or  the  FET  (Field  Effect 
Transistor)  type.  These  switches  are  not  inherently  bistable.  They 
have  to  be  combined  with  a "flip-flop"  in  order  to  acquire  this 
property.  Their  advantage  over  SCR's  is  that  they  do  not  need  a 
constant  forward  D.C.  current  in  order  to  maintain  their  conducting 
state,  as  SCR's  do.  Further,  they  lend  themselves  to  large  scale 
integration.  Units  have  been  demonstrated  with  up  to  64  one-wire 
crosspoints,  containing  the  necessary  on/off  "flip-flops"  as  well 
as  part  of  the  digital  addressing  logic. 
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Both  types  of  switches  present  their  own  specific  design  dif- 
ficulties. However,  both  types  have  been  successfully  used  in 
actual  products.  The  design  of  a switching  network  has  to  follow 
the  same  rules  as  with  reed  relays,  since  both  types  of  crosspoints 
are  equivalent  as  far  as  the  network  configuration  is  concerned. 
However,  interfacing  with  subscriber  loops  and  trunks  requires  a 
different  approach  from  that  common  with  reed  relays.  All  semi- 
conductor switches  have  to  be  isolated  from  the  D.C.  levels  present 
on  the  subscriber  lines,  as  well  as  from  the  relatively  high  ringing 
voltages.  Therefore,  special  subscriber  line  and  trunk  circuits  are 
necessary,  which  include  transformer  and  other  components  to  feed 
the  battery  voltage  to  the  line,  to  apply  ringing  current  and  to 
keep  both  from  the  entrance  to  the  switching  network.  In  addition, 
all  of  the  line  and  trunk  supervision  functions  have  to  interface 
with  these  circuits.  It  is  usually  not  possible  to  apply  battery  or 
ringing  through  a junctor.  Dial  pulses  have  to  be  detected  at  the 
line  interface,  only  touch  tone  signals  may  be  sent  through  the 
matr ix. 
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These  line  circuits  contain  many  components  which,  in  reed 
relay  networks,  are  needed  once  per  junctor,  but  which  now  have  to 
be  installed  once  per  line.  Thus,  a certain  cost  increase  for  this 
part  of  the  system  is  unavoidable.  In  fact,  this  cost  increase  is 
more  pronounced  in  local  switches  than  in  tandem  switches,  because 
the  former  have  a higher  ratio  of  lines  to  junctors  than  the  latter. 

Semiconductor  switches  are  by  no  means  without  loss  when  in  the 
conducting  state.  In  multistage  switching  networks,  amplifiers  may 
have  to  be  inserted  in  order  to  keep  system  insertion  loss  within 
specified  limits.  Though  such  solutions  are  quite  feasible,  there 
remains  a problem  of  insertion  loss  tolerances,  which  accumulate 
whenever  a whole  telephone  network  is  built  with  solid  state 
switches  of  this  kind.  However,  if  only  two  or  three  switches  of 
moderate  size  are  inserted  into  the  path  of  one  call,  this  problem 
is  not  likely  to  become  serious. 
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A further  problem  associated  with  solid  state  space  division 
switches  is  their  cost.  Though  sometimes  said  otherwise,  it  has  not 
been  possible  to  build  a truly  inexpensive  semiconductor  crosspoint. 
In  our  PROJECT  ESS*  study,  we  evaluated  cost  trends  for  various 
switching  technologies  for  the  next  ten  years,  assuming  typical 
5,000  to  10,000  line  central  offices.  The  results  showed  that  solid 
state  space  division  switches  will  not  be  cost  competitive  with  PCM 
switches  during  the  1980' s and  later.  This  seems  to  be  borne  out  by 
the  fact  that  new  PCM  switches  are  being  introduced  almost  every 
month,  but  no  new  solid  state  space  division  switch  in  this  larger 
size  range  has  been  announced  in  quite  some  time. 

This  picture  changes  if  smaller  switches  are  considered. 
Larger  switches  require  more  stages  in  the  matrix  (under  similar 
line  traffic  conditions)  than  smaller  ones,  therefore,  the  number  of 
crosspoints  increases  faster  than  proportionally  to  the  number  of 
lines.  Going  to  small  switches  means  that  the  cost  of  the  cross- 
points  becomes  less  important  as  compared  with  the  cost  of  other 
components  (the  common  control) . Also,  the  problem  of  insertion 
loss  with  its  tolerances  is  alleviated,  because  fewer  switching 
stages  are  required.  We  are  sure  that  such  considerations  are  re- 
sponsible for  the  many  new  entries  of  small  PABX's  with  solid  state 
space  division  matrices.  It  is  difficult  to  determine  the  size 
above  which  this  technology  becomes  less  desirable,  but  we  think 
that  the  limit  will  be  somewhere  between  several  hundred  and  a very 
few  thousand  lines  (in  the  case  of  a PABX) . 

Note ; Since  transformer  coupling  has  to  be  employed  on  all 
line  and  trunk  interfaces,  a single  crosspoint  per  wire  pair  can  be 
used,  with  a common  ground  for  all  paths  through  the  matrix.  This 
is  the  design  approach  taken  for  example  i..  the  IBM  3750.  It 
certainly  reduces  the  cost  of  the  crosspoints  by  cutting  their 
number  in  half.  But,  it  introduces  a certain  number  of  additional 
design  problems,  especially  with  line  balance  and  crosstalk. 


*PROJECT  ESS  is  a proprietary  multiclient  study  on  electronic 
switching  systems  conducted  by  Dittberner  Associates,  Inc. 
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Advantage  of  this  Technology 


o Combines  the  advantages  of  the  mechanical  cross- 
point  with  the  properties  of  electronic  compo- 
nents (no  wear,  no  contact  noise,  no  generation 
of  "spikes , " etc . ) • 

o Allows  configuration  of  a switching  matrix  simi- 
lar to  those  with  reed  relays,  and  is  redundant 
at  least  to  some  degree  against  failure  of  indi- 
vidual crosspoints. 

o Passes  voice,  as  well  as  frequencies  up  to  usual- 
ly at  least  100  Khz,  and  is  good  enough  for  data 
rates  of  up  to  64  Kbps.  Is  transparent  to  data 
speed,  word  format,  etc.,  but  not  to  line  mode 
(bipolar,  diphase  etc.),  since  D.C.  is  not  trans- 
mitted through  matrix.  Data  is  likely  to  require 
special  line  circuits. 

Disadvantages  of  this  Technology 

o Switches  above  a certain  size  (above  2000  lines) 
are  likely  to  be  expensive,  bulky  (when  compared 
with  TDM  switches)  and  possibly  high  in  power 
consumption. 

o There  are  few  commercial  products  in  the  larger 
size  range  to  choose  from. 

o No  real  disadvantages  for  small  units. 

3 . Switching  Networks  Using  Pulse  Amplitude  Modulation 

(PAM) 

In  the  last  section,  we  have  seen  that  solid  state  analog 
crosspoints  allow  transmission  of  signals  with  considerable 
bandwidth — well  over  64  Kpbs.  They  further  allow  switching  speeds 
many  orders  of  magnitude  higher  than  those  possible  with  reed 
relays.  This  capability,  which  is  not  normally  utilized  in  a solid 
state  space  division  matrix,  makes  it  possible  to  build  a much  more 
cost  effective  switch  by  adopting  the  design  principle  of  time 
division  switching. 

It  can  be  shown  mathematically  that  all  information  necessary 
to  faithfully  reproduce  a voice  signal  with  limited  bandwidth  is 
contained  in  amplitude  samples  taken  periodically  at  about  twice  the 
frequency  of  the  upper  limit  of  the  signal  bandwidth.  For  telephony 
purposes,  it  is  generally  considered  adequate  to  use  a sampling 
rate  of  8 KHz. 
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Separate  paths  for  both  directions  of  a call  are  provided 
within  the  matrix.  Therefore,  PAM  switched  are  essentially  of 
a four-wire  configuration.  Normal  subscriber  line  interfaces, 
as  well  as  those  for  two-wire  trunks,  contain  a hybrid  circuit 
for  conversion  between  two-  and  four-wire  paths  in  addition  to 
the  means  for  battery  feed,  application  of  ringing  current  and 
line  supervision. 

Each  subscriber  may  be  connected  periodically  with  an  "in- 
ternal highway"  or  bus.  There  is  one  bus  for  each  direction. 
Typically,  a talking  subscriber  would  be  connected  with  the  bus 
8,000  times  per  second.  During  the  rest  of  the  1/8,000  second, 
63  other  subscribers  may  be  connected  with  the  same  bus. 

A second  series  of  crosspoints  operate  in  such  a way  as  to 
route  each  analog  speech  sample  to  the  destination  subscriber 
circuit.  Samples  are  assigned  each  to  a specific  "timeslot," 
with  the  sequence  being  repeated  once  every  1/8,000  second.  The 
individual  pulse  train  is  received  at  the  destination  subscriber 
circuit  and  demodulated.  The  first  step  is  the  application  of  a 
"sample-and-hold"  circuit,  then  a set  of  filters  smoothes  out  the 
resulting  waveform.  It  should  be  noted  that  relatively  elaborate 
filters  are  needed  at  the  transmitting  side  (before  converting  to 
PAM),  in  order  to  properly  limit  the  bandwidth.  Here,  the  same 
considerations  apply  as  explained  in  Chapter  IV  about  PCM  sub- 
scriber. 

The  simple  switch  described  above  can  support  64  calls  simul- 
taneously. If  120  subscribers  were  connected  to  the  bus,  we  would 
have  created  a 64  Erlang  nonblocking  switch.  Several  hundred  sub- 
scribers and  trunks  may  be  accommodated,  each  with  its  own  sub- 
scriber circuit  and  set  of  crosspoints,  reducing  the  availability  of 
the  matrix  for  each  line.  The  concentration  thus  achieved  is  due  to 
the  fact  that  only  64  out  of  the  total  number  of  stations  may  get 
access  to  the  bus  at  any  time. 
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The  crosspoints  are  actuated  according  to  information  stored  in 
the  "control  store."  For  each  "time  slot,"  this  store  contains 
information  about  the  addresses  of  the  crosspoints  to  be  closed. 
This  information  is  read  out  periodically  and  used  to  control  the 
status  of  the  crosspoints.  The  content  of  the  control  store  (usual- 
ly a fast  semiconductor  memory)  is  altered  by  the  common  control, 
making  it  possible  to  set  up  and  release  calls.  It  should  be  noted, 
however,  that  call  connections  can  be  maintained  indefinitely  with- 
out requiring  action  of  the  common  control. 

A switch  with  a higher  traffic  rating  may  be  built  by  using  a 
higher  number  of  "time  slots"  in  the  bus.  There  is,  however,  a 
limit  to  this  number,  caused  by  the  limited  speed  with  which  PAM 
samples  can  be  handled  by  the  solid  state  crosspoints. 

The  scheme  in  a "time  switch"  needs,  of  course,  a more  elabo- 
rate control  store,  since  the  addresses  of  the  space  division  cross- 
points  to  be  actuated  during  each  "time  slot"  have  to  be  stored. 
Also,  more  complicated  software  routines  are  necessary  in  the  common 
control  in  order  to  route  calls  through  such  a network. 

Although  the  control  circuitry  of  the  matrix  tends  to  be  some- 
what more  complex,  there  usually  is  quite  an  advantage  in  cost, 
space  requirement  and  power  consumption.  There  are  two  obvious 
drawbacks:  one  is  the  increased  complexity  of  the  subscriber 
line  circuits,  which  include  all  functions  necessary  in  a PCM 
subscriber  circuit,  except  for  the  CODEC.  The  other  is  the  lim- 
itation of  the  bandwidth  to  the  normal  voice  band  (about  300  to 
3500  Hz).  This  makes  it  difficult  to  transmit  digital  data  direct- 
ly through  the  PAM  switch.  While  the  first  difficulty  can  be 
overcome  by  proper  design,  the  data  speed  limitation  is  more  seri- 
ous, particularly  for  the  range  of  applications  considered  in  this 
report. 

Of  the  two  PAM  systems  in  our  survey,  the  WESTERN  ELECTRIC 
DIMENSION,  does  not  now  include  any  direct  digital  data  capabili- 
ty (except  for  allowing  transmission  of  analog  modem  signals). 
The  T&N  6030  (a  similar  design),  however,  includes  the  capability 
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to  transmit  9600  bits  per  second  over  the  matrix,  using  a special 
interface.  Higher  data  rates  can  be  accommodated  in  the  6030 
(which  is  offered  in  configurations  for  data  gathering  and  data 
distribution)  in  a special  minicomputer-based  data  switch  attach- 
ed to  the  telephone  switch.  However,  experimental  versions  of 
the  T&N  6030  have  been  evaluated  which  transmit  an  eight-bit 
word  serially  within  one  PAM  "time  slot."  Thus,  data  up  to  64 
Kbps,  as  well  as  PCM,  can  be  handled. 

A time-multiplexed  matrix  as  described  here  lacks  the  inherent 
redundancy  of  a space  division  network.  However,  because  of  the 
small  number  of  crosspoints  used,  the  whole  matrix  may  be  duplicated 
for  redundancy,  at  least  in  smaller  configurations.  In  a larger 
system,  duplication  of  central  sections  may  be  sufficient,  if  done 
in  such  a way  that  failure  of  any  portion  will  affect  only  a given 
small  number  of  lines. 

Advantages  of  this  Technology 

o Fewer  components  than  solid  state  space  division, 
therefore  higher  reliability 

o Less  space  required,  less  power  consumed  for  the 
same  reason. 

o No  quantization  noise  as  in  PCM  systems. 

o A very  simple  conference  bridge  is  possible. 

Disadvantages  of  this  Technology 

o Difficulty  of  switching  digital  data  directly. 

o Though  WESTERN  ELECTRIC  DIMENSION  and  T&N  6030 
seem  to  be  very  successful,  we  anticipate  that 
this  technology  may  well  "peak  out"  within  the 
next  five  years,  with  the  availability  of  new 
low  cost  PCM  CODEC's,  there  is  not  much  cost 
advantages  left  for  PAM. 

4 . PCM  Switching  Networks 

Principles  of  PCM  switching  have  been  described  so  often  in  the 
literature  that  only  a few  notes  should  be  sufficient.  Switches  are 
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built  either  as  pure  "time"  (T)  switches  (in  smaller  configura- 
tions), or  more  usual,  with  "time-space-time"  (T-S-T)  networks. 
Other  configurations  are  possible,  but  these  are  used  only  in 
systems  much  larger  than  those  covered  in  this  report. 

Configurations  of  the  ''time"  and  the  " t ime-space- 1 ime"  PCM 
switching  networks  are  the  sam.e  as  shown  for  the  PAM  matrix.  The 
essential  difference  from,  the  latter  is  that  in  the  case  of  the  PCM 
PCM  switch  each  amplitude  sample  is  encoded  into  a proper  PCM  format 
^=255  in  North  Am, erica,  and  A-law  in  Europe)  and  decoded  in  the  sub- 
scriber circuit  at  the  other  end  of  the  matrix.  There  is,  of  course, 
a difference  in  the  requirements  for  the  crosspoints.  While  the  PAM 
crosspoint  has  to  transmit  samples  of  varying  amplitude,  the  PCM 
the  PCM  crosspoint  only  handles  logical  levels.  Therefore,  a logic 
gate  is  sufficient  in  this  case. 

Further,  the  inform.ation  contained  in  one  PAM  sample  is  encoded 
in  an  eight-bit  word  in  the  case  of  PCM.  These  eight  bits  may  be 
transmitted  serially  through  the  matrix,  thus  increasing  the  pulse 
rate  to  eight  times  that  of  an  equivalent  PAM  system.  The  highest 
serial  data  speed  commonly  used  is  8.192  megabits  per  second,  which 
is  equivalent  to  128  time-slots  on  an  "internal  highway"  (8,000  sam- 
ples per  second  multiplied  with  eight-bits  per  sam.ple,  times  128 
samples  per  frame)  . The  limiting  factor  is  not  so  much  the  speed 
with  which  the  crosspoirts  can  be  switched,  but  the  soeed  of  the 
control  store  and  of  the  control  electronics  which  applies  the 
control  information  to  the  crosspoints.  Although  at  least  twice  the 
speed  of  eight  Mbps  is  technically  feasible,  higher  num.bers  of 
"time-slots"  are  usually  achieved,  if  considered  necessary,  by 
transmitting  four  or  eight  bits  in  parallel.  Thus,  the  same  con- 
figuration of  crosspoints  has  to  be  provided  four  or  eight  times  in 
parallel,  establishing  separate  paths  for  each  of  the  four  or  eight 
bits.  Since  the  control  store  is  only  needed  once  the  overall  cost 
of  the  switching  network  only  increases  moderately. 
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As  in  the  case  of  a PAM  switch,  small  configurations  are  usual- 
ly designed  as  pure  "time"  networks,  while  larger  ones  are  "time- 
space-time"  networks.  So  far,  there  is  not  much  give  and  take 
between  PAM  and  PCM  technology.  V^hile  PCM  avoids  the  more  expensive 
analog  crosspoints,  it  needs  CODEC's  instead  of  the  very  simple  PAM 
modulators  and  demodulators.  But  the  real  appeal  of  PCM  technology 
for  use  in  the  future  public  telephone  network  lies  in  the  elegance 
with  which  concepts  of  integrated  switching  and  transmission,  as 
well  as  of  distributed  switching,  may  be  implemented.  Most  of  the 
new  generation  of  PCM  products  for  use  in  public  networks  is 
designed  according  the  principles  outlined  below. 

Integrated  Transmission  and  Switching  and  Distributed 

Switching 

The  heart  of  most  modern  PCM  switches  is  a T-S-T  network  which 
accepts  multiplexed  digital  trunks  of  the  North  American  Tl  (24 
channel)  type  or  of  the  European  CEPT  (30  channel)  type.  One  "time 
slot  interchange"  (time  switch)  usually  accepts  one  or  more  such 
multiplexes  and  distributes  the  individual  channels  into  the  "time 
slots"  of  an  "internal  highway."  Some  form  of  time  multiplexed 
space  switch  then  distributes  the  information  in  the  "internal  high- 
ways" to  the  other  time  slot  interchanges.  Such  a switching  network 
is  either  fully  nonblocking,  or  has  at  least  a very  high  avail- 
ability. With  the  proper  type  of  software  in  the  common  control  and 
the  right  type  of  signalling  interfaces,  it  can  serve  as  a toll 
office  or  tandem.  And,  since  it  accepts  digitally  multiplexed 
trunks  directly,  it  allows  integrated  transmission  and  switching  for 
this  type  of  application. 

Local  loops  can  be  connected  to  such  a switch  in  the  following 
manner.  A local  or  remote  concentrator  is  used  which  consists  of  a 
number  of  PCM  subscriber  line  circuits  (see  Chapter  IV  about  design 
problems  of  PCM  subscriber  line  circuits),  as  well  as  circuitry  to 
multiplex  the  digital  inputs  and  outputs  of  these  into  one  or  more 
Tl  (or  CEPT)  multiplexes.  If  two  Tl  schemes  together  with  48 
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channels  are  used,  100  to  500  subscriber  lines  may  be  attached  to 
such  a concentrator  group,  depending  on  the  concentration  factor 
desired.  Concentration  is  usually  done  on  the  digital  side,  but 
some  European  systems  use  space  division  concentrators  on  the  analog 
(subscriber)  side. 

The  subscriber  line  concentrator  may  be  installed  at  the  site 
of  the  switch,  with  the  multiplexed  digital  side  interfacing 
directly  with  the  digital  trunk  ports  of  the  main  switching  network. 
Or,  it  may  be  used  as  a remote  subscriber  concentrator.  In  this 
case,  not  only  Tl  (or  CEPT)  span  terminating  circuitry  is  included, 
but  usually  also  provision  to  switch  calls  between  subsribers  of  the 
same  concentrator  locally.  These  switching  capabilities  are  either 
remotely  controlled  from  the  common  control  of  the  main  switch  or, 
in  some  instances,  independent  local  control  is  provided  in  such  a 
way  that  calls  can  be  switched  independently  if  the  line  to  the  main 
switch  is  out  of  order. 

This  aspect  of  today's  PCM  technology  allows  two  im.portant  con- 
clusions: 

o Integrated  transmission  and  switching  is  possible 
right  now,  as  well  as  is  distributed  switching. 

o The  boundaries  between  the  formerly  well  defined 
applications  of  Class  4 offices.  Class  5 offices, 
and  subscriber  line  carrier  systems  are  becoming 
blurred.  It  is  now  possible,  for  example,  to 
have  a toll  switch  with  attached  local  subscriber 
concentrators,  as  well  as  with  remote  concentra- 
tors. Thus,  we  have  part  of  the  Class  5 function 
combined  with  a Class  4 switch,  while  the  rest  of 
it  is  distributed  all  over  the  landscape. 


Note t Any  port  capable  of  accepting  digitally  multiplexed  trunks 
can  be  adapted  to  accept  analog  trunks,  either  with  a special  inter- 
face card  provided  by  the  manufacturer  or  by  installing  standard 
channel  bank  equipment  with  the  switch. 
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Circuit  Switching  of  Data 


PCM  switches  are  designed  to  handle  64  Kbps  digital  data  for 
each  encoded  voice  channel.  Unfortunately,  however,  commercial 
switches  have  only  digital  trunk  interfaces  designed  to  accept 
multiplexed  trunk  channels. 

It  appears  to  be  quite  easy  to  design  a digital  subscriber 
interface,  capable  of  accepting  64  Kbps  for  transmission  over  the 
switching  network.  Lower  rates  could  be  accommodated  using  bit- 
stuffing techniques.  Problems  of  synchronization  with  the  internal 
clock  of  the  switch  have  to  be  solved,  but  are  certainly  within  the 
range  of  the  state-of-the-art. 

Advantages  of  this  Technology 

o Requires  much  less  space  and  power  than  solid 
state  space  division.  More  reliable,  because 
of  fewer  components. 

o More  easily  adapted  to  circuit  switching  of  data 
than  PAM. 

o Supports  principles  of  integrated  switching  and 
transmission,  as  well  as  of  distributed  switch 
ing. 

o Cost  is  expected  to  decrease  rapidly  over  the 
next  several  years.  PCM  is  likely  to  be  the 
least  expensive  technology  for  switches  in  the 
5,000  to  10,000  line  range  in  the  mid-lS80 
time  frame. 

o There  is  a constantly  increasing  range  of  commer- 
cial PCM  products  to  choose  from. 

Disadvantages  of  this  Technology 

o Adaptation  for  use  with  digital  data,  CVSD,  etc. 
not  as  easy  as  with  solid  state  space  division. 

o PCM  switches  may  be  adapted  for  use  in  military 
CVSD  systems.  However,  this  will  interface,  at 
least  to  some  degree,  with  the  capability  to 
support  the  principles  of  integrated  switching 
and  transmission  and  of  distributed  switching. 
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5 . Switching  Networks  Using  Pulse  Width  Modulation  (Pv;M) 

It  is  possible  to  use  pulse  width  modulation  in  the  same  way  as 
PAM.  Samples  of  the  voice  signal  are  taken  periodically  and  their 
amplitude  converted  into  the  width  of  a corresponding  pulse.  The 
modulator  necessary  to  do  this  is  only  slightly  more  complex  than 
that  one  required  for  PAM.  The  demodulator  is  of  about  the  same 
degree  of  complexity. 

We  have  only  two  product  lines  in  our  survey  which  use  PWM. 
One,  CHESTEL,  uses  PWM  in  the  same  way  PAM  is  used.  That  is,  they 
use  a time  division  switching  matrix.  The  advantage  over  PAM  is 
that  the  crosspoints  and  all  other  PWM  carrying  elements  can  be 
built  from  logic  gates — no  special  analog  crosspoints  are  needed. 

The  other  product  line  is  that  of  DANRAY.  DANRAY  uses  line  and 
trunk  circuits  containing  free-running  PWM  modulators  (not  synchro- 
nized with  any  central  clock)  and  asynchronous  demodulators.  The 
switching  network  is  of  the  space  division  type,  not  time-division 
multiplexed.  It  consists  of  crosspoints  which  are  logic  gates  (TTL) . 

Note ; Logic  gates  -in  transmit  PWM  because  the  information  is  con- 
tained  in  the  duration  of  the  pulse,  not  in  its  amplitude,  as  with 
PAM.  Logic  gates  cannot  transmit  varying  amplitudes.  Analog  cross- 
points  can. 


Cost  Aspects  of  the  DANRAY  PWM  Technology 

Logic  gates  are  by  far  the  least  expensive  crosspoints  of  any 
technology,  including  reed  relay,  analog  solid  state  and  crossbar. 

While  PVJM  subscriber  and  trunk  circuits  need  all  the  components 
around  20  KHz,  as  compared  to  the  standard  eight  KHz  PCM  sampling 
rate,  this  higher  sampling  rate  is  possible  because  a non-time- 
division  matrix  is  used. 

Circuit  Switching  of  Data 

The  CHESTEL  PWM  time-division  switch  has  a built-in  capability 
to  switch  data  up  to  a certain  speed.  Constraints  are  very  similar 
to  those  in  PAM  systems. 
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The  digital  space  division  matrix  used  by  DANRAY  is  completely 
transparent  to  any  digital  bit  stream  up  to  at  least  100  Kbps.  The 
only  requirement  is  the  provision  of  an  adapater  to  convert  the  line 
mode  (bipolar,  diphase  or  other  baseband  signal)  to  TTL  logic  levels 
and  back . 


Advantages  of  this  Technoloc 


o CHESTEL  Technology: 

Same  as  outlined  under  PAM 
o DANRAY  Technology: 

Inexpensive  and  compact,  even  in  larger  con- 
figurations, when  compared  with  solid  state 
analog  space  division. 

All  data  speeds,  CVSD,  etc.  easily  accepted  up 
to  at  least  64  Kbps.  No  synchronization 
problems . 

No  quantisizing  noise  as  with  PCM. 

Very  simple  conference  bridge  possible  with 
PWM. 


Disadvantages  of  this  Technoloc 


o Only  these  two  competitive  products,  not  many 
new  products  expected.  Most  suppliers  assume 
that  PCM  is  the  way  to  go  for  the  future  for 
any  switch  with  at  least  500  lines. 
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B.  SUMMARY  PRESENTATION  OF  SYSTEMS  BY  CLASS 

The  following  tabulations  are  provided  as  a summary  of  the 
various  systems  offered  by  the  different  manufacturers.  The  systems 
are  divided  into  four  groups:  PCM  systems,  PWM  systems,  PAM 

systems,  and  solid-state  analog  systems,  A discussion  follows  for 
each  of  these  systems  v/ith  their  advantages  and  disadvantages 
identif ied . 

A key  for  the  abbreviations  used  in  the  following  summary 
tables  is  provided  below: 


AV 

= 

Available 

NA 

= 

Not  Available 

IS 

= 

In  Service 

El 

= 

Easily  Included 

DI 

= 

Difficult  to  Include 

RE 

Remote 

N 

= 

No 

Y 

= 

Yes 

L 

= 

Lines 

T 

= 

Trunks 

CO 

= 

Central  Office 

PABX 

= 

Private  Automatic  Branch  Exchange 

TD 

= 

Tandem 

1 

I 
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SYSTEM  FEATURES 


• cd 
o c cc 
4J  a tn  . 

D Vj  <D  > 

< E-  E-  < 


O G.  4J  CC 

4-1  O U) 

n o Qj  > 

< U 6-  < 


O C • 4-1  <0  C Cd 

'rH  O fH  r-t  O CC 

4J  E 4-1  3 C --I 
C T'  3 (C  W 4-)  > 

o < < Du  t-l  < 


I 

• 4.J  U C td 

o r-i  (u  o c: 

4-1  3 4-1  -rU 

3 (0  <U  4J  > 

< Du  C < 


CJ"4U  4J 
C C ID 
.w  O 

44  0)  -r-t 

lu  *0  c 

0 0 3 

as.  E 

0)  E 

c o 


< 4J  CT'  44 
Du  ID  ID  C 
Cu  E M 3 
O W O 
S 44  <U  U 
Du  3 S U 
E-i  *t  <; 


4J  c 

3 TH 

a ID  t-i 
44  -rH  ID 
3 > 44 
C ID 

c 


>^  \z  >1  2 


>4  Z >4  2 


>4  >-  >4  Z 


>4  >4  >4  2 


>4  >4  >4 


>4  >4  >4 


>4  >4  >4 


>4  >4  >4 


> > > u: 

< < < M 


z z 


> > cn  u: 

< < M M 


>>  in  z 

< < t-4 


XXX 
CO  m CO 

a < < o < 

^ CD  CD  o a 


E-  >4  cr. 
IT  c/:  u: 
E^ 

p td  CC 
M £-4 

J o 

C 

c/; 


M c 

I r-i 

o 

< X 

E-4  Cd  E-4 


fs  CC  2 t-4 


E-  S C 


2 

2 

2 

2 

2 

2 

i 

2 

>^ 

2 

>4 

2 

>4 

>4 

Ul 

2 

HH 

1 

2 

cn 

2 

2i 

2 

1 

2 

CC 

M 

X 

X 

CD 

CC 

< 

< 

a 

a 

U C 

M C 

CC  e 

E-  <N 

U 

CO  2 

uJ  o 

CO  M 

V. 

CO 

2 2 

CX  CO 

c 

Cd  S. 

2 ro 

c 

w c 

Cd 

s 

E- 

>4  >4 


w > 

M < 


2 2 


2 2 tn  CD 


X X 

CC  CO 

< < c 

a a £-4 


X 

(-H  1-1  vr 
n:  c DC  ir, 
E-4  E-  f\ 
C < U'. 


d)  VC  S U p 2 U 

s.  < 


C.  DFTAILED  RESULTS  FOR  REPRRSEWTATI VE  SYSTEMS 

The  remainder  of  this  chapter  is  devoted  to  detailed  system 
descriptions  for  which  we  were  able  to  obtain  information.  The 
manufacturer,  type  of  equipment,  intended  application,  technology 
type,  and  size  range  are  summarized  at  the  top  of  the  page.  Pa- 
sically,  the  format  of  the  system  descriptions  is  as 
follows: 

o Switching  Network 
o Attendant  Console 
o Features 

o Features  of  Special  Interest 
o Circuit  Sv/itching  of  Data 
o System  Advantages 
o System  Disadvantages 
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CHESTEL 


MANUFACTURER: 

TYPE: 

APPLICATION: 

TECHNOLOGY: 

SIZE  RANGE: 


CHESTEL,  Inc.,  Chester,  Connecticut 

BCS  256 

PABX 

Pulse  vJidth  Modulation,  Time-Division- 
Multiplexed 

100  to  1,000  Lines  and  Trunks  Combined 


This  is  a new  product,  based  on  the  technology  of  the  same 
firm's  existing  product,  a 50-line  PABX.  It  is  scheduled  to  be 
available  in  the  first  half  of  1978. 

Switching  Network 

The  basic  switch  consists  of  a nonblocking  matrix  and  a common 
control  housed  together  in  one  cabinet.  The  matrix  has  256  ports  in 
its  maximum  configuration,  each  of  which  accepts  either  a subscriber 
line  or  a trunk,  or  a data  interface  for  digital  data  of  15.6  Kbps. 
Up  to  1,000  ports  become  available,  if  four  fully  configured,  non- 
blocking  matrices  are  interconnected.  The  resulting  network  is  no 
longer  nonblocking.  The  exact  traffic  carrying  capability  depends 
on  the  number  and  type  of  interconnecting  paths.  Only  one  common 
control  is  used  for  up  to  four  basic  matrices. 


The  switch  uses  pulse  width  modulation  (PVJM)  in  combination 
with  time  division  multiplexed  switching.  The  matrix  is  of  the 
four-wire  type,  requiring  each  trunk  or  line  interface  to  contain  a 
hybrid  circuit.  Trunk  and  line  interfaces  also  contain  a PV7M 
modulator  and  demodulator  each.  Pulse  width  is  in  the  submicro- 
second range,  allowing  the  multiplexing  of  all  256  lines  of  the 
basic  matrix  into  one  time-slot  each  and  still  use  a relatively  high 
sampling  rate  of  15.6  KHz  (as  far  as  we  could  learn).  This  sampling 
rate,  which  is  about  twice  as  high  as  the  rate  of  eight  KHz  found  in 
PCM  systems,  h-.*lps  to  simplify  the  design  specifications  for  the 
analog  transmit  and  receive  filters  in  the  line  interfaces,  thus 
reducing  the  cost  of  this  cart  of  the  system. 

It  should  be  noted,  that  the  time  division  switching  scheme 
requires  each  PVJM  modulator  to  be  synchronized  with  the  internal 
clock . 
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No  redundancy  increasing  design  measures  are  incorporated  into 
this  sv;itching  matrix. 

Interfaces  for  two-  and  four-wire  trunks,  two-  and  four-wire 
subscriber  loops,  interfaces  for  digital  data  lines  and  PCM  multi- 
plexed trunks  (Tl  format)  are  available.  Otherwise,  all  ports  on 
the  switching  netv/ork  are  alike  in  traffic  capacity  and  are  inter- 
changeable. 

Common  Control 

The  common  control  uses  a single  CPU  (not  duplicated).  Not 
much  more  could  be  learned  about  this  part  of  the  system. 

Attendant  Console 

Status  of  all  lines  and  trunks  displayed.  Direct  addressing  of 
all  trunks. 


Features : 


Those  listed  in  summary  tables  plus  sever 

Features  of  Particular  Interest 

al  more. 

o 

Nonblocking  matrix  for  systems  with 
ports. 

up  to  255 

o 

Interfaces  with  PCM  multiplexed  Tl 

lines . 

o 

Accepts  two-  and  four-wire  station 
well  as  two-  and  four-wire  trunks. 

loops,  as 

o 

Circuit  sv/itchinq  of  data. 

o 

Accepts  CCIS  according  to  CCITT  i?6 
cations . 

specif i- 

o 

Wide  range  of  conferencing  modes. 

Circuit  Switching  of  Data 

Normal  line  circuits  will  allow  modem  signals  to  pass  through 
the  switch  up  to  9600  bits/second.  Special  interface  to  port  for 
direct  transmission  of  digital  data  at  15.6  Kbps  or,  multiplexed 
into  tv’o  ports,  at  31.5  Kbps.  It  is  feasible  to  transmit  64  Kbps 
through  four  ports  although  such  an  interface  does  not  seem  to  exist 
yet . 
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System  Advantages 


o Offers  all  PABX  subscriber  features  from  our 
ouestionnaire,  except  automatic  line  and  trunk 
testing . 

o Allows  four-wire  station  loops. 

o Allows  circuit  switching  of  data. 

o Available  in  a wide  range  of  system  sizes. 

o Offers  progressive,  pre-programmed  and  broad- 
cast conferencing. 

o More  than  five  levels  of  precedence  (override) 
mode. 

o More  than  100  class  of  service  marks. 

System  Disadvantages 

o New  system,  no  reliability  information  available. 

o Unusual  technology,  only  system  of  this  kind. 

o Data  speeds  which  are  not  divisible  by  64,000 
are  not  so  easily  accommodated . 

o Data  which  are  directly  transmitted  through  the 
switch  are  not  compatible  with  PCM  multiplexed 
(Tl  type)  trunk  interface. 
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COLLINS 


NANUF;\CTURER  : 
TYPE: 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE; 


Collins  Radio  Group,  Dallas,  Texas 

DTS  Systen 

Tandem 

PCM  Time  Division 
Up  to  Trunks 


The  COLLINS  DTS  (Digital  Tandem  Switch)  has  been  designed  to 
meet  the  needs  for  a tandem  switch  in  private  corporate  networks. 
Subsequently,  a toll/tandem  version  and  an  automatic  call  distri- 
bution system,  mainly  for  airline  reservation  applications,  were 
developed.  Of  particular  interest  is  the  version  of  this  switch 
which  is  used  in  the  Royal  Netherlands  Air  Force  Automatic  Switched 
Communication  Network  (ASCON) . The  ASCON  system,  which  was  built  by 
COLLINS,  is  an  integrated  transmission  and  switching  network,  cover- 
ing all  of  Holland  and  using  the  North  American  (Tl)  PCM.  standard. 
Main  transmission  links  are  by  digital  microwave,  switching  uses  the 
DTS  with  special  military  software  enhancements.  The  information  in 
our  summary  tables  reflects  both  the  capabilities  of  the  basic  DTS 
as  well  as  some  of  the  ASCOM  enhancements.  It  further  lists  some  of 
the  features  available  with  a special  PARX  package.  This  package  is 
intended  for  applications  where  local  lines  (PAPX)  are  to  be  con- 
nected to  a tandem  switch  in  a private  network.  Hardware  wise, 
these  local  Dines  are  implemented  with  PCM  channel  banks,  connecting 
?4  local  lines  to  one  Tl  port.  Thus,  any  number  of  lines  with  one 
Erlang  of  capacity  each  can  be  connected. 

Switching  Network 

The  switching  network  is  of  the  t ime-space-time  type.  Up  to  60 
matrix  modules  contain  an  incoming  and  an  outgoing  time  switch 
(time-slot  interchange)  each,  plus  the  associated  portion  of  the 
time-multiplexed  space  switch  and  the  control  stores.  Each  time- 
switch  accepts  one  multiplexed  trunk  group  of  the  Tl  (24  channel) 
format,  and  allows  a change  in  the  sequence  of  the  incoming  Tl  frame 
into  any  other  sequence  The  same  function  is  performed  on  the  ou:"- 
going  part  of  the  Tl  multiplex.  The  space  switch  is  of  the  fully 
available,  60  by  60  configuration,  thus  making  the  complete  network 
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I 

nonblocking  up  to  its  maximum  size  of  24  times  60,  or  1,440  trunks 
Maximum  practical  size  is  1,424  trunks,  which  allows  a number  of 
trunks  for  administrative  and  test  purposes. 

The  matrix  may  be  expanded  in  increments  of  one  module,  which 
will  accept  one  additional  T1  line  with  2^  channels.  Five  standard 
configurations  of  the  system  are  offered,  with  maximum  sizes  of  288, 

576,  86^,  1,152,  and  1,440  trunks.  Each  of  these  configurations  may 
be  expanded  into  the  next  larger  one. 

Analog  trunks  as  well  as  two-  and  four-wire  subscriber  lines 
are  connected  with  the  digital  network  via  standard  channel  bank 
equipment.  Channel  banks  offered  by  COLLINS  with  their  switch  are 
manufactured  by  ITT. 

The  switching  network,  or  parts  of  it,  are  not  duplicated  for 
redundancy . 

Common  Control 

The  common  control  uses  a commercial  minicomputer,  the  DEC  POP 
11/35.  Two  processors  are  combined  in  a redundant  configuration. 
Additional  programs  and  tables  are  stored  on  a "hard"  disk.  With 
this  processing  capability,  functions  v;hich  are  needed  in  addition 
to  the  switching  program  are  easily  implemented,  for  example,  call 
distribution  software,  PABX  functions  and  military  network  control 
functions  (in  the  ASCON  system). 

A variety  of  peripherals  are  available  for  system  control,  as 
well  as  input/output  for  various  additional  functions. 

Features  | 

As  listed  in  the  summary  table,  the  software  package  developed 
for  ASCON  contains  a full  set  of  military  system  features:  prece- 
dence service,  all  three  modes  of  conferencing,  tables  and  other 
provisions  for  connection  of  "roving  subscribers"  and  additional 
routing  capabilities.  It  should  be  noted,  however,  that  conferenc-  | 

ing  is  only  possible  within  a PCM  encoded  group  of  subscribers.  | 
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Features  of  Special  Interest: 


o Norn>al  switch  has  a "surplus"  of  processing 
capability,  applicable  to  additional  special 
programs . 

o Special  features  for  military  applications 
available  in  the  ASCON  system  package. 

o "Tl  by-pass"  switch  available  (from  ASCON) . 
In  an  integrated  switching  and  transmission 
environment,  this  switch  allows  direct  con- 
nection of  certain  incoming  and  outgoing  Tl 
lines  in  order  to  by-pass  an  inoperative 
switch. 

o For  circuit  switching  of  data  and  CVSD  see 
next  heading. 


Circuit  Switching  of  Data 


COLLINS  has  developed  an  interface  to  allow  transmission  of 
digital  data  through  the  switch.  This  interface,  apparently  of  a 
configuration  similar  to  that  of  the  common  channel  bank  eauipm.ent, 
allows  multiplexing  (and  demultiplexing  of)  24  individual  channels 
of  64  Kbps  each  into  the  standard  T1/C2  format.  Digital  data  uses 
diphase  line  mode  on  four-wire  circuits.  On  these  lines,  the  64 
Kbps  are  embedded  into  a 72  Kbps  frame  format.  The  additional  bits 
are  stripped  off  at  the  multiplexing  interface. 


Application  of  this  interface  is  for  connection  of  PCM  type 
digital  telephones,  as  well  as  for  data  transmission.  NOTE:  When- 
ever the  standard  T1/D2  format  is  used,  data  transmission  is 
restricted  to  56  Kbps  maximum,  since  the  eighth  bit  of  the  PCM  word 
is  not  fully  available  for  data. 


Analog  telephones  may  be  connected  to  this  interface  by  substi- 
tuting a special  circuit  card  for  each  channel  to  be  used  this  way. 

COLLINS  seems  to  be  in  a position  to  accept  orders  on  this 
interface. 

COLLINS  also  seems  to  be  in  the  process  of  designing  a special 
interface  to  send  16  Kbps  CVSD  over  the  PCM  switch,  obviously  on 
special  order  from  a customer. 


68 


System  Advantages 


o This  is  the  first  digital  switch  installed 
in  regular  service  in  the  U.S.  (according  to 
COLLINS),  therefore,  ouite  some  operational 
experience  is  available. 

o Experience  from  ASCON  is  very  useful  and  a 
software  package  from  ASCOM  is  available. 

o T1  by-pass  switch  available  (see  special 
features) . 

System  Disadvantages 

o Matrix  or  parts  of  it  not  duplicated  for 
redundancy  (single  failures,  however,  can 
only  affect  24  trunks)  . 

o Does  not  interface  with  European  (CEPT)  PCM 
standard. 
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CIT-ALCATEL 


MANUFACTUPEP : CIT-ALCATEL,  Paris,  France 


TYPE: 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


E 10 

Class  5,  PABX 

PCM  Time  Division 

C.O.:  2,000  to  30,000  Lines 
PABX:  1,000  to  15,000  Lines 


The  E-10  has  been  the  first  PCM  local  switch  in  the  world  which 
was  used  in  regular  service  in  a public  telephone  network. 
Originally,  the  E-10  was  designed  with  a capacity  of  1,300  Erlangs 
and  was  intended  for  application  in  rural  areas.  Later,  the  switch 
has  been  upgraded  to  more  than  twice  this  capacity  and  is  now  even 
used  in  clusters  to  serve  areas  of  high  population  density. 

The  original  design  has  undergone  considerable  evolution  over 
the  years,  equivalent  almost  to  re-design  and  re-packaging.  The 
system  is  now  connectorized  and  does  not  necessarily  require  a 
forced  air  supply. 

At  the  same  time,  a large  PABX  system  was  developed  from  the 
original  E-10  central  office.  It  has  a lower  traffic  capacity  than 
the  central  office  version.  Further,  it  is  not  yet  connectorized 
(though  it  was  explained  that  such  a version  will  be  available 
later) , but  it  uses  the  same  basic  conponets  (especially  subscriber 
stages)  as  the  central  office. 

Switching  Network 

The  core  of  the  switch  is  a nonblocking  time-division  network. 
In  case  of  the  central  office  version,  a t ime-space-time  configur- 
ation with  a fully  equipped  capacity  of  3,000  Erlangs  is  used.  The 
PABX  has  a pure  "time"  network  with  a capacity  of  1,500  Erlangs.  In 
both  cases,  words  are  transmitted  in  parallel  over  the  internal 
highways.  No  network  parts  are  duplicated. 

The  time  division  matrix  is  built  from  TTL  integrated  circuits. 

Subscriber  Stages 

While  digital  trunks  interface  directly  with  ports  on  the  main 

matrix,  subscriber  lines  use  a special  subscriber  stage.  Up  to  512 
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subscribers  may  terminate  on  one  such  stage.  At  the  analog  side,  a 
reed-relay  concentrator  is  employed  to  connect  any  subscriber  who 
goes  "off-hook"  to  any  of  60-line  inputs.  Two  CODEC's,  one  for  each 
group  of  30  lines,  convert  between  analog  and  digital  signals.  The 
digital  signals  are  multiplexed  into  two  bit  streams,  each  of  them 
of  the  European  CEPT  format. 

Subscriber  stages  may  be  installed  either  locally,  at  the  site 
of  the  switch,  or  at  a remote  location,  in  which  case  two  32-channel 
(CEPT)  digitally  multiplexed  lines  are  used  to  connect  this  unit 
with  the  main  switch. 

Subscriber  Line  Circuits 

The  eouipment  manufactured  by  CIT-ALCATEL  uses  subscriber  line 
circuits  integrated  with  a reed-relay  space-division  concentrator  of 
the  kind  just  described.  CNET  (the  research  arm  of  the  French  PTT) , 
however,  has  developed  a different  subscriber  stage,  named  the  EMA 
(improved  version).  Here,  the  analog  voice  signals  are  converted  to 
PCM  first,  the  concentration  then  takes  place  in  a time-division 
switch.  One  CODEC  is  shared  by  30  subscribers,  while  in  the  other 
approach,  one  CODEC  is  shared  by  up  to  256  subscribers.  CNET  told 
us  that  all  E-10  installations  in  France  will  be  retro-fitted  with 
this  new  design,  while  CIT-ALCATEL  denies  any  intention  to  produce 
this  EMA  circuit.  It  should  be  noted,  however,  that  CIT-ALCATEL  is 
not  the  only  manufacturer  to  supply  the  French  PTT  with  E-10  equip- 
ment . 

Common  Control 

The  common  control  consists  of  the  control  unit  itself  which 
performs  all  call  processing  tasks  and  of  a detached  (remote) 
management  center,  which  is  responsible  for  all  administrative  and 
maintenance  tasks. 

The  control  unit  uses  the  following  components: 

o Multireqisters  - These  are  essentially  specializ- 
e^  call  processors  performing  most  of  the  call 
processing  tasks.  There  is  a minimum  of  two 
multiregister  units  per  system,  larger  systems 
use  more,  but  one  additional  multiregister  is 
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always  provided  for  redundancy.  The  configura- 
tion is  equivalent  to  a multiprocessor  arrange- 
ment. Mul ti reg isters  contain  memory  which  is 
accessible  from  the  management  center. 

o Markers  - They  interface  between  the  multiregis- 
ters and  the  switching  network. 

o Translators  - Contains  translation  tables. 

Essentially  consisting  of  semiconductor  memory 
modules . 

o Clock,  peripheral  units,  etc. 

All  essential  units,  as  multiregisters,  markers  and  trans- 
lators, are  either  duplicated  or  provided  in  a N+1  configuration  to 
achieve  sufficient  redundancy. 

The  management  center  is  a relatively  powerful  computer  instal- 
lation, provided  on  a regional  basis  in  the  case  of  a central 
office.  It  allows  performance  of  all  management  tasks,  including 
accounting  and  diagnostics,  on  all  central  offices  of  a geographic 
district.  It  is  connected  with  the  offices  via  64  Kbps  data  links. 

For  application  in  the  PABX,  the  management  center  has  been 
scaled  down.  It  serves  one  PABX  only,  but  performs  essentially  the 
same  functions  as  in  the  central  office  environment. 

Attendant  Console 

Multiple  consoles  can  be  provided,  the  system  can  further  be 
partitioned  to  serve  multiple  users. 

Features 

Most  applicable  features  were  checked  as  being  available  for 
the  central  office  version,  as  well  as  for  the  PABX  version. 


Features  of  Special  Interest 


o 

o 

o 

o 


256  alternate  routing  options 

CIT-ALCATEL  is  developing  interfaces  to  the  North 
American  Tl  standard,  as  well  as  /j-law  encoding. 
It  is  being  under  consideration  to  provide  both 
standards  on  the  same  system  if  so  desired. 

A militarized  version  has  been  developed  for  the 
French  army,  reportedly  for  application  as  a 
tandem  switch.  No  information  could  be  obtained 
as  of  yet. 


All  of  the  military  features  in  our  questionnaire 
were  checked  to  be  either  available,  in  service 
or  easily  included,  with  the  exception  of  secure 
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Circuit  Sv/itchinq  of  Data 

An  interface  to  connect  a single  line  carrying  64  Kbps  digital 
data  to  the  switch  has  been  designed  for  the  purpose  of  connecting 
the  remote  management  center.  This  interface  could  be  provided  for 
general  purpose  data  transmission  applications.  Other  speeds  would 
need  special  provisions  for  bit-stuffing,  etc. 

System  Advantages 

o Many  applicable  features,  including  those  in  the 
quasi-m.ilitary  group. 

o Data  interface  available. 

o At  a later  time,  both  CEPT  and  Tl  will  be  accept- 
ed, as  well  as  both  encoding  laws. 

o Allows  completely  remote  operation. 

System  Disadvantages 

o Reed  relay  subscriber  stage  not  very  attractive, 
has  bad  reputation  as  far  as  reliability  is  con- 
cerned . 

o PABX  not  yet  connector ized. 
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DANRAY 


MANUFACTURER : 
TYPE: 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


DANRAY,  INC.,  Dallas,  Texas 
CBX/CTSR 

PABX,  Tanc^em,  Data  Switch 

PWM  Space  Division 

500  to  8,000  Lines  for  the  PABX 
100  to  1,000  Trunks  for  the  Tanc^em 


DANRAY  manufactures  a range  of  products  to  cover  the  switching 
needs  of  a corporate  telephone  network.  The  CTSS  tandem  switch 
accommodates  100  to  1,000  trunks  on  a fully  nonblocking  matrix.  It 
can  perform,  network  management  functions  and,  in  addition,  control 
up  to  ten  Remote  Switching  Subsystems,  each  with  the  capability  to 
connect  up  to  244  trunks.  These  remote  switches  are  intended  for 
the  intermediate  switching  level  in  a corporate  network  and  perform 
the  concentration  of  trunks,  as  well  as  through-switching  between 
different  remote  units. 

The  CBX  uses  the  same  common  co.itrol  and  the  same  matrix 
technology  as  the  CTSS,  but  includes  subscriber  concentrator  stages, 
as  well  as  all  subscriber  related  features.  It  is  available  in 
several  configurations,  with  either  2,000,  4,000  or  8,000  lines  as  a 
maximum  size. 

The  technology  used  internally  to  all  these  switches  is  pulse- 
width-modulation  (PWM)  , but  all  lines  or  trunks  carry  normal  voice 
signals,  no  PWM  is  used  outside  of  any  of  the  switches. 

All  of  the  DANRAY  switches  are  designed  to  support  the  DANRAY 
Electronic  Telset.  This  is  a special  electronic  telephone  instru- 
ment, which  requires  three  wire-pairs  to  the  exchange.  Two  pairs 
carry  the  voice  (analog)  signals  in  both  directions,  the  third  pair 
is  used  to  supply  power  to  this  telephone.  Normal  two-wire  tele- 
phones may  be  used  as  an  option. 

Both  the  CTFR  and  the  CBX  use  the  same  common  control.  This 
common  control  can,  in  addition  to  the  normal  voice  matrix,  control 
the  ADX  data  module,  thus  giving  the  system  special  data  switching 
capabil ities . 
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The  remote  switches  use  a rudimentary  common  control,  which  is 
normally  under  the  command  of  the  main  tandem  switch. 

We  learned  that  DANPAY  has  developed  a fully  digital  PCM 
switch,  using  the  same  common  control  as  in  the  present  systems.  No 
further  information  could  be  obtained  except  that  the  first  switch 
will  go  into  operation  during  1978.  (It  is  supposed  to  be  a pro- 
duction unit,  not  a prototype  or  field  test  unit.) 

Switching  Network 

PWM  is  used  within  the  switching  network.  Each  line  or  trunk 
interface  has  a PWM  modulator  and  a PVJM  demodulator.  Sample  fre- 
quency is  at  22  KHz.  Although  eight  KHz  would  be  sufficient,  the 
higher  frequency  results  in  considerably  lessened  requirements  for 
the  filters  on  the  analog  transmit  and  receive  side  of  the  inter- 
face. Two-wire  line  and  trunk  interfaces  further  contain  a hybrid 
circuit,  which  is  of  the  active  type,  implemented  with  solid  state 
components.  All  PWM  modulators  are  free-running,  not  centrally  syn- 
chronized. 

The  switching  network  is  of  modular  design.  Various  types  of 
modules  allow  the  construction  of  a tandem  matrix,  a remote  tandem 
matrix  or  a PABX  matrix.  Normal  TTL-type  logic  gates  are  used  as 
crosspoints . 

The  core  of  the  matrix  is  a three-stage,  nonblocking  arrange- 
ment of  these  crosspoints.  "First"  end  "fifth"  matrix  levels  are 
available  either  as  nonblocking  trunk  subsystems  or  as  concentrating 
line  subsystems.  The  line  subsystems  are  available  either  for 
0.095  Erlang  per  line  or  in  the  normal  configuration  of  0.21  Erlang 
per  line.  The  remote  switching  units  use  only  three  matrix  stages 
all  together.  NOTE ; In  all  applications,  both  paths  of  a call  are 
routed  separately  through  the  matrix. 

A special  duplicated  control  unit  interfaces  with  the  common 
control  section  of  the  switch.  The  matrix  is  not  duplicated,  but 
the  space  division  principle  has  enough  inherent  redundancy  to  allow 
for  occasional  crosspoint  failures.  During  the  process  of  call  set- 
up, the  path  through  the  matrix  is  first  tested  automatically.  If  a 
matrix  failure  is  detected,  the  call  can  be  routed  over  a different 
path . 


75 


We  understand  that  the  fully  nonblocking  matrix  (in  case  of  the 
CTSS)  uses  a network  with  a reduced  number  of  crosspoints,  but  which 
still  allows  connection  of  any  given  trunk  with  any  other  trunk  at 
the  same  time.  Since,  with  this  design,  established  connections  may 
block  new  calls,  a special  algorithm  is  used  in  the  common  control 
to  re-route  such  calls  without  dropping  them.  This  is  possible 
without  an  audible  "click"  because  of  the  speed  of  the  crosspoints. 
It  is  still  possible  in  this  1,000  port  matrix,  to  connect  498 
trunks  with  498  other  trunks  in  any  possible  combination  and  make 
the  last  through  connection,  we  were  assured.  The  result  is  quite 
remarkable:  a fully  equipped  1,000  trunk  nonblocking  matrix  (with- 
out line  circuits  and  without  control  unit)  occupies  about 
two-thirds  of  a frame. 

The  CTSS  1000  and  CBX  1000  use  one  matrix  module  each  as  des- 
cribed above.  Several  matrix  modules  of  the  same  size  may  be  com- 
bined to  arrive  a higher  traffic  carrying  capacity.  The  CBX  2000 
uses  two  such  modules,  the  CMX  4000  four  to  six. 

Common  Control 

The  common  control  uses  a pair  of  GENERAL  DATA  "NOVA"  minicom- 
puters. Disk  drives,  as  well  as  the  interface  between  common  con- 
trol and  matrix,  are  duplicated  for  redundancy.  Teletypes,  CRT 
terminals,  line  printers  and  magnetic  tape  units  serve  as  system 
console  and  for  other  peripheral  purposes. 

A variety  of  signalling  subsystems  are  available  for  these 
switches  (see  "features").  Further,  various  types  of  test  equipment 
can  be  addressed  under  the  diagnostic  routines  from  the  common 
control . 

The  system  features,  among  other  diagnostics,  automatic  line 
and  trunk  testing. 

In  addition  to  the  general  system  features,  DANRAY  offers  net- 
work management  systems,  which  are  implemented  using  the  common 
control  processing  capabilities.  Among  those  are,  for  example,  a 
Universal  Switched  Network  package,  featuring  uniform  destination 
dialing,  predictive  routing  (forward  and  alternate  routing  with 
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fallback,  if  all  routes  are  busy),  least-cost  routing,  off-line 
queuing  with  call  back  and  call  screening. 


Features 

Almost  all  of  the  general  C.O.  and  PABX  features  in  our  ques- 
tionaire  were  checked  as  either  in  service  or  availabe.  All  of  the 
military  system  features  were  checked  as  in  service  or  available, 
except  for  ore-programmed  and  broadcast  conferencing,  which  were 
checked  as  easily  included. 


Features  of  Special  Interest 


o Allows  local/tandem,  configurations. 

o Allows  tandem  switching  systems  with  remote 
nodes. 

o Has  seven  levels  of  priority  (override)  service 
built-in. 

o Offers  network  control  software  packages. 

o Common  control  computer  has  excess  processing 
capability  which  may  be  used  to  implement  addi- 
tional features. 

o Trunks,  as  well  as  subscriber  lines,  are  usually 
of  four-wire  configuration. 

o Allows  up  to  250  independent  user  partitions  with 
independent  routing  tables. 

o Supports  CCITT  #4,  CCITT  #5,  and  CCITT  #6,  in 
addition  to  the  usual  signalling  schemes. 

o Up  to  20  digits  can  be  dialed. 

o For  data  transm.ission  capabilities  see  below. 


Circuit  Switching  of  Data 


The  switch  can  transmit  up  to  9600  bps  analog  modem  data. 
Digital  data  may  be  switched  directly  through  a special  matrix 
module,  the  ADX.  This  is  essentially  a time  multiplexed  circuit 
switch,  which  currently  supports  asynchronous  and  synchronous  data, 
including  the  bi-synch  protocol,  at  up  to  9600  bps.  Line  interfaces 
for  higher  speeds  and  other  protocols,  including  SDLC,  will  be 
available  later.  Sixty-four  Kbps  will  be  possible  later. 

In  systems  with  these  data  switching  capabilities,  DANPAY  uses 
their  special  "electronic"  telephone  and  transmits  data  up  to  9600 
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bits  per  second  in  full  duplex  mode  over  the  pov/er  supply  wire  pair 
(one  of  the  three  wire  pairs  which  connect  the  telephone  with  the 
switch) . 

The  digital  space  division  matrix  which  is  used  to  switch  the 
PWM  signals  is  transparent  to  any  digital  signal  or  bit  stream,  if  a 
direct  digital  line  interface  where  installed  instead  of  the  PWM 
modulator/demodulator  interface.  (Of  course,  the  digital  signals 
cannot  be  transmitted  through  a normal  analog  trunk.  Here  also, 
special  interfaces  and  lines  with  the  right  properties  would  be 
required.)  We  were  assured  that  such  an  interface,  though  not 
available,  could  easily  be  designed. 


System  Advantages 

o If  equipped  v/ith  special  interfaces  on  data 
lines  and  data  trunks,  any  mixture  of  analog 
and  digital  signals,  including  CVSD  could  be 
switched  in  the  same  matrix. 

o Very  capable  system,  wide  range  of  features 
available. 

o Product  line  includes  all  elem.ents  for  a com- 
plete network,  including  network  contol  software. 

o Special  data  matrix  can  be  used  on  same  common 
control  as  voice  matrix. 


System  Disadvantages 


o Does  not  support  PCM  integrated  transmission 
and  switching  concept. 

o Only  product  of  its  kind. 
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GTE  AUTOMATIC  ELECTRIC 


MANUFACTURER: 

TYPE: 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


GTE  AUTOMATIC  ELECTRIC,  Northlake,  Illinois 

GTD-120 

PAEX 

PCM  Time  Division 
Up  to  120  Lines 


No  technical  or  descriptive  literature  has  been  received  from 
the  manufacturer  except  for  the  questionnaire. 

This  is  the  smallest  PCM  switch  in  our  survey.  According  to 
the  questionnaire,  it  has  a space-division  concentrator  and  one 
CODEC  for  every  24/40  lines.  It  utilizes  hard-wired  logic  common 
controls.  It  seems  that  only  a very  small  PCM  switching  network  is 
used,  in  addition  to  the  concentrators. 

Features 

This  system  has  fewer  features  than  many  other  small  PABX's  in 
our  survey.  Particularly,  no  direct  inward  dialing,  no  emergency 
override,  no  abbreviated  dialing,  no  change  of  features  and  no 
traffic  analysis. 

Features  of  Special  Interest 

o Accepts  T1  (24  channel)  trunks. 

Circuit  Switching  of  Data 

No  provisions. 

System  Advantages 

o Small  size 
o In  service  experience 

o May  be  used  in  integrated  transmission  and 
switching  environments. 

System  Disadvantages 

o No  change  of  features,  no  traffic  reporting,  etc. 
o Very  little  flexibility. 
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GTE  SYLVANIA 


MANUFACTURER: 

TYPE: 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


GTE  SYLVANIA,  Waltham,  Massachusetts 

ETSS 

Transit 

Solid  State  Space  Division 
96  to  1,536  Trunks 


The  first  switch  of  this  type  was  cutover  in  1976,  the  second 
one  in  1977.  Twenty-two  were  on  order  earlier  this  year.  Applica- 
tions are  either  for  transit  or  as  international  gateway  exchanges. 
Thirty-four  more  switches,  based  on  the  same  basic  equipment,  have 
been  delivered  to  the  Armed  Forces.  They  use  a militarized  common 
control  computer  and  are  mounted  in  transportable  shelters. 


Switching  Network 


The  matrix  is  built  from  modules  of  96  trunk  terminations.  One 
fully  equipped  matrix  system  has  1,536  trunk  terminations.  Multiple 
matrix  systems  of  this  size  may  be  used  to  build  larger  switches. 

The  sv/itching  matrix  is  built  from  SCR  (silicon  controlled 
rectifier)  crosspoints.  A four-by-four  arrangement  of  crosspoints, 
including  some  of  the  control  circuitry,  comes  in  a standard  I.C. 
package. 


The  matrix  uses  a four-stage  arrangement.  An  interconnection 
pattern  is  used  which  assures  a high  availability.  A 96  trunk  con- 
figuration has  a capacity  of  0.95  Erlang  per  trunk,  a 1,536  trunk 
matrix  a capacity  of  0.83  Erlang  per  trunk.  Two-wire,  as  well  as 
four-wire,  service  is  available.  A pair  of  crosspoints  is  used  for 
each  switched  pair  of  wires.  The  actual  trunk  terminations  are 
isolated  from  the  crosspoints  by  transformers.  The  marker  func- 
tions, as  well  as  many  routine  functions,  such  as  trunk  supervision 
and  maintenance  tasks,  are  performed  by  the  line  group  processor,  a 
DEC  PDF  11/04.  This  processor  is  equipped  with  8K  words  of  memory 
and  a real-time  clock.  Each  group  of  96  trunks  has  one  line  group 
processor 


one 


Common  Control 

A pair  of  DEC  PDP  11/34  minicomputers  is  used  to 
matrix  unit  of  1,536  trunk  terminations.  These 


serve  up  to 
perform  the 


80 


functions  of  call  processing,  call  accounting,  traffic  recording  and 
others.  Also,  as  part  of  the  common  control,  there  are  two  high- 
speed paper  tape  reader/punchers  and  up  to  six  register/signalling 
shelves.  A relatively  wide  variety  of  signalling  concepts  is 
supported  by  this  system,  among  others  CCITT  #5,  CCITT  PI,  and  CCITT 
R2. 


Features 


The  manufacturer  checked  all  features  in  the  Questionnaire 
which  are  applicable  to  a transit  exchange,  plus  many  PABX  features, 
and  indicated  that  all  features  listed  under  "military"  are  either 
in  service  or  available.  This  obviously  is  a result  of  the  mainly 
military  range  of  applications  of  the  system  in  the  past. 


Features  of  Special  Interest 


o Range  of  available  features  is  remarkable. 

o Data  transmission  capability — see  below. 

O Interfaces  with  AUTOVAN,  NATO,  AN/TTC  38 
and  39,  as  well  as  with  the  public  networks 
in  Germany,  France,  Belgium,  and  Holland. 

Circuit  Switched  Data 


The  technology  employed  allows  data  transmission  at  any  speed. 
Manufacturer  sets  upper  lim.it  of  analog  bandwidth  at  108  KHz.  This 
would  easily  allow  direct  digital  data  transmission  through  the 
matrix  of  up  to  64  Kbps.  Since  the  switch  is  transparent  to  data, 
there  are  no  restrictions  on  speed,  format,  etc.  A special  inter- 
face card  is  used  for  connection  of  four-wire  data  loops  at  these 
speeds . 


System  Advantages 

o Technology  used  allows  almost  unrestricted  data 
transmission . 

o Since  system  has  been  in  use  for  military  appli- 
tions  more  than  for  commercial  purposes,  range  of 
military  features  are  available,  as  well  as 
general  operating  experience. 
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System  Disadvantages 

o Does  not  support  integrated  transmission  and 
switching . 

o System  likely  to  be  expensive, 

o Manufacturer  gives  reliability  objectives  which 
are  not  very  impressive:  ten  hours  of  system 
downtime  per  20  years,  and  a MTBF  of  38  hours 
for  the  maximum  configuration  (1,536  trunks). 


HITACHI 


MANUFACTUPEP: 

TYPE; 

APPLICATION: 
TECHNOLOGY; 
SIZE  RANGE: 


HITACHI,  LTD.,  Tokyo,  Japan 

EX  10 

PABX 

Solid  State  Space  Division 
100  to  1,024  Lines 


This  is  a stored  program  controlled  solid  state  ana 
for  PABX  applications  in  business,  hotel/motel,  CENTPEX  a 
It  consists  of  one  to  four  cabinets,  each  cabinet  serving 
lines. 

Switching  Network 

The  switching  network  is  a solid  state  space  division  two-stage 
matrix.  Since  only  two-wire  subscriber  lines  and  trunks  are  accom- 
modated, it  is  assumed  that  the  network  structure  is  basically  two- 
wire.  The  system  may  be  expended  in  eight-line  increments.  Traffic 
carrying  capacity  is  from  39.4  Erlangs  to  157.6  Erlangs.  Normal 
telephone  instruments  are  used  in  connection  with  this  switch. 

Common  Control 

A 16-bit  common  control  processor  is  used,  which  was  specially 
designed  for  this  application.  It  has  an  instruction  set  of  40 
instructions.  Up  to  112K  words  may  be  used  in  the  memory.  Programs 
are  loaded  automatically  from  a tape  cartridge  when  power  is  switch- 
ed on.  The  common  control  is  not  duplicated  for  redundancy. 

Attendant  Console 

Station  number,  trunk  number  and  class  of  service  number  are 
displayed.  Status  of  all  calls  processed  by  attendant  is  dis- 
played. Optional  is  the  display  of  status  of  all  lines. 

Features 

An  overwhelming  array  of  PABX  features  is  available.  All 
applicable  features,  including  the  military  features  (with  the 
exception  of  secure  call/key  code  conversion)  has  been  checked  on 
our  quest ionnaire  as  being  available,  in  service,  or  easily 
included . 


log  switch 
nd  others, 
up  to  256 
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Features  of  Special  Interest 

The  processor  is  likely  to  have  surplus  processing  capability, 
applicable  for  the  implementation  of  other  features. 

Circuit  Switched  Data 

No  capabilities  provided.  Solid  state  space  division  techno- 
logy generally  allows  the  transmission  of  data  of  at  least  64  Kbps 
over  the  m.atrix.  However,  special  line  interfaces  (easily  designed) 
would  be  requited  and  operation  would  be  restricted  to  two-wire 
service. 

System  Advantages 

o Many  features  for  all  kinds  of  applications 
available. 

o Technology  used  likely  to  be  cost  effective  even 
in  the  future  for  this  size  range. 

System  Disadvantages 

o No  four-wire  operation. 

o Only  loops  of  up  to  1,000  Ohms  allowed. 

o Common  control  not  duplicated. 
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ITT 


MANUFACTURFP: 

TYPE: 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


ITT,  Des  Plaines,  Illinois 
TCS  2/TCS  5 
PABX/Central  Office 
Solid  State  Space  Division 
600  to  12,000  Lines 


The  TCS-5  was  developed  by  the  ITT  Telecommunications  Group  in 
Des  Plaines,  Illinois. 

The  TCS-5  is  designed  for  use  in  the  600  to  12,000  line  range, 
and  can  be  applied  as  a PABX , CENTREX  and  as  a local  community  dial 
office.  The  system  supports  a maximum  of  12,000  lines  and  is 
engineered  for  approximately  1,400  Erlangs  of  total  traffic.  The 
system  is  tested  in  its  entirety  at  the  plant  prior  to  shipment  to 
the  operational  site.  Installation  time  is  typically  three  to  six 
weeks . 

The  system  employs  a standard  ITT  1652  minicomputer,  and 
employs  software  line  scanning.  A com.bination  of  cross  call  status 
coordination,  combined  with  load-sharing,  is  employed  in  the  dual 
processors. 

Switching  Network 

The  system  is  a self-seeking,  end-marked  solid-state  analog 
space-division  switching  system,  utilizing  a minicomputer  common 
control.  It  employs  the  PNPN  (four  layer)  diode  for  the  analog 
crosspoint,  with  characteristics  to  ensure  a unique  path  as 
established  between  two  end-marked  points,  without  the  requirement 
for  external  path-selection  equipment.  These  techniques  have  been 
successfully  applied  to  the  TE-400A  PABX,  a 50-  to  800-line  PABX 
system  receiving  wide  acceptance  in  the  United  States.  The  system 
can  handle  50,000  busy-hour  calls,  and  50,000  CCS  of  traffic. 

The  TCS  matrix  is  a full  availability  four-stage  matrix.  The 
primary  and  secondary  switches  are  grouoed  into  line  blocks  having 
20  inlets  and  45  outlets.  Line  blocks  are  grouped  into  line 
sections  such  that  one  to  eight  line  blocks  may  be  connected  at  the 
secondary  outlets  to  form  a line  section.  Each  additional  line 
block  changes  the  dimensions  of  the  secondary  stage  by  adding 
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inlets.  The  third  and  fourth  switching  stages  are  subdivided  into 
trunk  units,  each  containing  nine  third-stage  switches,  such  that 
the  45  outlets  from  the  second-stage  switches  are  individually  con- 
nected to  the  nine  third-stage  switches  in  the  five  trunk  units. 
Each  trunk  block  contains  ten  fourth-stage  switches,  each  having 
three  outlets  for  a total  of  30  outlets  per  trunk  block.  Additional 
trunk  blocks  up  to  a maximum  of  eight  is  allowed,  with  the  number  of 
outlets  in  each  fourth-stage  switch  at  a maximum  of  24. 

The  matrix  is  packaged  on  8.7  by  10  inch  printed  circuit  boards 
for  mounting  and  standard  ITT  UNISWEP  shelves.  Line  and  trunk 
blocks  require  a single  printed  circuit  board,  while  the  third-stage 
switches  are  mounted  three  to  a board.  The  total  matrix  volume  is 
approximately  25  cubic  feet,  employing  a maximum  of  four  matrix 
units . 

Because  of  the  intrinsic  difficulty  of  locating  faulty  cross- 
points  in  an  end-marked  system,  the  TCS  system  utilizes  fan-out 
control  logic  associated  with  the  third-stage  switches.  This 
includes  a simple  buffer  circuit  which  enables  manipulation  of  the 
third-stage  inlets  under  stored -prog  ram  control.  This  program 
normally  resides  in  a disk-storage  device  off-line,  but  is  brought 
in  during  off-load  traffic  periods  to  perform,  fault  analysis 
functions.  It  selects  an  inlet  and  outlet  in  the  matrix,  and  pro- 
ceeds to  establish  and  release  each  of  the  nine  paths  between  the 
end-to-end  marked  points  by  selectively  busying  the  inlets  to  eight 
of  the  nine  third-stage  switches.  Failures  are  noted  and  tested 
later  to  determine  if  the  cath  is  truly  busy,  or  whether  a fault 
exists.  True  faults  are  then  printed  out  on  the  on-line  teleprinter 
for  maintenance  attention  at  a later  time.  Importantly,  in  an  end- 
marked  system,  faulty  crosspoints  reduce  overall  traffic  handling 
capabilities  only.  Typically,  a complete  matrix  test  is  run  once  a 
month . 

Comjnon  Control 

The  TCS-5  system  utilizes  dual  ITT  1652  processors,  to  perform 
totally  centralized  common  control  functions,  including  line  scan- 
ning. This  was  done  to  reduce  the  economic  lower-size  limit.  The 
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two  processors  are  normally  on-line  and  load-share  originating 
traffic.  Each  processor,  when  recognizing  an  origination  or  change 
of  call  status,  maintains  control  of  that  call  for  its  duration. 
As  each  call  progresses,  relevant  information  is  extended  to  the 
other  processor  to  ensure  that  the  status  of  all  calls  and  equip- 
ment in  this  system  is  maintained  within  each  processor.  In  the 
event  a failure  within  one  processor  or  its  associated  equipment 
occurs,  that  processor  will  be  immediately  taken  off  line.  The 
remaining  processor  will  take  over  control  of  all  system  functions 
without  affecting  their  operation,  with  the  exception  of  reducing 
further  traffic  handling  capacity.  Exclusion  circuits  are  provided 
for  each  processor  to  eliminate  the  possibility  of  conflict. 

The  computers  employed,  the  ITT  1652,  operate  in  a load-shar- 
ing mode.  Basic  instruction  time  is  1.2  u seconds;  semiconductor 
memory  R/W  cycle  time  of  600  nanoseconds.  Word  size  is  16  bits 
plus  5 error-correction  bits.  128K  words  is  required  for  a small 
system,  and  164K  words  for  a large  system.  Off-line  diagnostic 
programs  are  kept  on  a 150K  word  floppy  disk. 

Features 

Most  of  the  features  listed  in  our  questionnaire  are  available 
either  for  the  PABX  or  the  C.O.  version  or  for  both.  This  includes 
many  of  the  administrative  and  traffic  reporting  features.  Auto- 
matic line  load  control  is  available. 

Features  of  Special  Interest 

As  of  this  time,  we  have  not  been  able  to  obtain  information 
regarding  the  points  in  our  questionnaire  covering  the  semi- 
military specifications. 

Circuit  Switching  of  Data 

Combined  voice  and  data  switching  is  being  advertised  for  this 
system.  The  technology  involved  with  the  TCS  network  allows  enough 
bandwidth  to  transmit  at  least  up  to  64  Kbps.  It  is  not  quite 
clear,  however,  whether  the  line  circuit  available  for  data  lines 
will  limit  the  actual  bit  frequency  to  a lower  value.  In  any  case, 
a slight  modification  of  this  circuit  would  allow  transmission  of 
up  to  64  Kbps. 
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This  switch  is  intended  for  Class  5 C.O.  and  PABX  applications 
and,  therefore,  is  basically  of  two-wire  design.  Unless  it  is 
possible  to  eouip  the  whole  section  of  the  network  which  is  to  be 
used  for  data  transmission  with  four-wire  matrix  modules,  data 
transmission  would  be  restricted  to  two-wire  mode. 

System  Advantages 

o Very  compact  system. 

o Solid-state  space-division  allows  unrestricted 
data  transmission. 

o Space-division  network  has  a certain  amount  of 
built-in  redundancy. 

System  Disadvantages 

o This  is  a system  designed  about  five  years  ago, 
exhibiting  the  state-of-the-art  from  that  period. 

o Obviously  restricted  to  mainly  two-wire  circuits. 

o Likely  to  be  relatively  expensive  for  a given 
size  when  compared  with  newly  designed  PCM 
systems . 


NORTH  ELECTRIC 


MANUFACTURER  : 
TYPE  : 

APPLICATION : 
TECHNOLOGY: 
SIZE  RANGE: 


NORTH  ELECTRIC  CO.,  Gallon,  Ohio 
DSS-1 

C.O.,  Local  and  Transit  Service 
PCM  Tine  Division 
1,000  to  12,000  Lines 


DSS-1  is  the  designation  of  NORTH'S  smaller  PCM  svitch.  The 
larger  version,  the  DSS-2  covers  the  range  of  up  to  64,000  lines. 

NORTH  ELECTRIC  also  developed  a solid  state  space  division 
(wideband)  switch,  based  on  the  same  common  control  as  the  DSG-l. 
This  is  the  switch  intended  for  the  NATO  Initial  Voice  Switched 
Network  (IVSN),  for  v;hich  NORTH  has  won  a contract.  Further,  NORTH 
plans  to  extend  the  capabilities  of  the  IVSN  switch  by  adding  a 
digital  matrix  especially  designed  for  CVSD.  We  were  told  that  it 
will  be  possible  to  have  both  a solid  state  analog  and  a CVSD 
digital  matrix  section  on  the  same  switch,  and  that  any  or  both  of 
these  technologies  could  be  mixed  with  PCM  digital  matrix  sections. 
This  appears  to  be  a very  interesting  concept  for  a number  of 
military  applications. 

Switching  Network 

The  basic  configuration  is  of  the  t ime-space- time  type.  Sub- 
scriber loops  interface  with  the  DSS-1  line  switches,  which  are 
self-contained  frames.  These  contain  the  subscriber  circuits  for  up 
to  320  lines  each,  plus  the  multiplexing  equipment  to  switch  the 
digital  information  associated  with  any  of  the  lines  into  any  of  the 
4R  time  slots  of  two  outgoing  Tl  lines.  Associated  with  each  T1 
line  is  a microprocessor  with  its  own  ROM  and  RAM  memory  which  is 
responsible  for  the  functions  of  the  line  switch,  including  multi- 
plexing of  the  bit  streams. 

The  DSS-1  switching  group,  a fully  electronic  time  multiplexed 
switching  matrix,  interconnects  the  Tl  lines  from  the  various  line 
switches.  The  switching  group  actually  consists  of  two  separate 
matrices  in  parallel,  each  with  50%  of  the  total  traffic-carrying 
capacity  of  the  system.  The  two  Tl  lines  from  each  line  switch 
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always  terminate  on  different  matrices.  Thus,  in  case  either  a 
matrix  or  one  of  the  Tl  connecting  line  becomes  defective,  calls  can 
still  be  routed  over  the  other  Tl  line  and  the  remaining  matrix. 
One  frame  contains  up  to  five  svjitch  groups  sufficient  for  a 5,000 
line  office. 

Line  switches  may  be  remotely  located,  interfacing  v/ith  the 
main  switch  through  two  Tl  lines,  requiring  additional  span  termii- 
nating  equipment.  These  remote  line  switches  have  an  emergency 
local  switching  capability  allowing  calls  between  local  subscribers 
(on  the  same  remote  line  switch)  to  be  dialed,  even  when  both  Tl 
lines  into  the  central  office  are  out-of-order.  Remote  line 
switches  are  also  being  advertised  as  temporary  small  central 
offices,  since  they  have  all  the  capabilities  for  providing  basic 
telephone  service. 

Subscriber  Line  and  Trunk  Circuits 

Subscriber  line  interface  circuits  use  one  CODEC  per  line. 
They  are  remarkable  because  they  use  an  active  hybrid,  without  any 
magnetic  com.ponents.  Further,  the  battery  feed  circuitry  includes  a 
feature  to  boost  the  supply  voltage  in  order  to  accommodate  loops  of 
up  to  3,000  Ohms  without  any  external  booster. 

Tl  multiplexed  trunk  lines  can  interface  with  the  switch  group 
through  special  terminating  equipment.  Interfaces  for  CEPT  (32 
channel)  lines  are  not  available,  but  are  said  to  be  planned  for 
later  introduction. 

Analog  trunks  interface  through  standard  channel  banks. 

Common  Control 

As  mentioned  earlier,  each  line  switch  has  its  own  microproces- 
sor which  handles  many  basic  real-time  routines,  as  well  as  the 
interfacing  of  the  line  switch  with  the  central  control  processor. 

The  central  control  processor,  the  OMNI  V CPU,  is  an  improved 
version  of  NORTH'S  line  of  specially  designed  OMNI  processors. 
NORTH  has  maintained  for  quite  some  time  that  a special  processor 
with  an  instruction  set  specially  designed  for  telephony  purposes  is 
superior  to  the  adaptation  of  a general  purpose  processor.  We  found 
it  difficult  to  arrive  at  any  kind  of  consensus  about  this  topic 
among  different  experts  • this  field. 
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There  are  two  processors  of  this  type  in  the  system,  each  with 
its  own  memory.  They  run  asynchronously,  with  one  always  in  "hot 
stand-by"  mode.  Larger  systems  (DSS-2)  use  more  than  two  proces- 
sors. 

Teletypewriters,  printers,  and  reel,  as  well  as  cassette  tape 
drives,  may  be  used  as  peripherals. 

Features 

A large  number  of  C.O.,  as  well  as  PABX  typo  features,  are 
either  available  now  or  are  scheduled  for  introduction  in  a phased 
program  over  the  next  several  years. 

Features  of  Special  Interest 

The  DSS-1,  as  well  as  the  IVSN  switch,  use  the  same  comm.on 
control  and  may  use  the  same  hardware  interfaces  to  various  signal- 
ling systems.  Therefore,  any  special  features  v;ill  be  available  in 
both  switches.  Specifically,  the  IVSN  system  will  interface  with 
the  AUTOVON,  the  NATO,  the  German,  French,  Belgian  and  Dutch 
national  network.  The  DSS-1  can  be  expected  to  have  the  sane  capa- 
bilities, except  for  interfacing  with  digital  networks,  because  the 
CEPT  digital  interface  is  not  yet  available. 

Circuit  Switching  of  Data 

No  digital  data  interface  is  available  for  the  DSS-1  as  of  yet. 
According  to  NORTH,  such  interface  is  easily  designed. 

The  IVSN  switch,  however,  which  uses  solid  state  space  division 
network  for  up  to  2,048  lines,  can  be  combined  with  the  network  of 
the  DSS-1  on  the  sam.e  common  control.  Thus,  data  up  to  more  than  64 
Kbps  can  be  switched  without  any  regard  to  internal  bit  rates  of  the 
matrix.  Further,  NORTH  is  developing  a digital  CVSD  matrix  which 
can  be  attached  to  the  same  common  control. 


System  Advani 


o Allows  flexible  configurations  with  local  and 
remote  line  switches. 

o All  interconnections  between  line  switches  and 
central  switching  groups  are  through  T1  lines. 
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o Allows  mixing  of  tv/o,  and  later  of  three  matrix 
technologies  (PCH,  solid  state  space  division, 
CVSD)  , 

o Remote  line  switches  can  be  used  either  as 
remote  concentrators  or  as  indeoendent  small 
PCM  switches  for  up  to  320  lines. 

o Accepts  loops  of  up  to  3,000  Ohms  without 
external  booster. 

System  Disadvantages 

o New  system,  no  reliability  information  available 
o Many  features  not  yet  available. 
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NORTHERN  TELECOM 


MANUFACTURER: 
TYPE : 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


NORTHERN  TELECOM,  LTD.,  Montreal,  Canada 

SL-1 

PABX 

PCM  Time  Division 
200  to  5,000  Lines 


The  SL-1  is  NORTHERN  TELECOM'S  first  digital  telephone  switch- 
ing system.  The  same  basic  hardware  is  used  in  the  DMS-10,  a 
central  office  developed  out  of  the  SL-1.  There  is  currently  an 
installed  base  of  350  SL-1  systems. 


We  asked  the  manufacturer  to  provide  us  with  the  same  kind  of 
information  regarding  the  DMS-10,  but  received  the  answer  that  no 
effort  is  currently  being  undertaken  to  develop  military  features 
for  the  DMS-10,  therefore,  it  would  be  unnecessary  to  fill  in  the 
questionnaire.  Hence,  only  the  SL-1  is  reviewed  here. 


Switching  Network 


The  switching  network  is  of  the  time-space- time  type.  It 
consists  of  individual  time  switching  modules  of  17  Erlangs 
capacity  each,  which  can  be  interconnected  with  a space  switching 
arrangement.  The  "L"  system,  with  200  Erlangs  total  capacity, 
consists  of  16  such  modules,  the  "VL"  system  (maximum  configura- 
tion) of  6 times  16  modules.  System  growth,  however,  is  possible 
in  smaller  increments,  which  are  given  by  the  configuration  of  the 
line  circuit  cards.  These  contain  either  four  line  circuits  or  two 
trunk  circuits  each. 


The  switching  network  is  not  duplicated  for  redundancy  but  a 
hardware  failure  will  not  affect  more  than  one  module  with  17 
Erlangs  capacity.  Subscriber  line  concentration  takes  place  on  the 
digital  side  of  the  line  circuits,  using  time-division  switching 
techniques. 

Subscriber  Line  and  Trunk  Circuits 

One  printed  circuit  card  supports  either  four  subscriber  lines 
or  two  analog  trunks.  Each  line  or  trunk  is  equipped  with  its  own 
CODEC.  Subscriber  circuits  use  a CMOS/thick-film  hybrid.  Current- 
ly, only  the  North  American  ^-law  is  available.  Although  auto- 
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automatic  loop  and  trunk  tests  are  checked  in  the  questionnaire  to 
be  available,  we  learned  that  these  are  only  rudimentary,  non- 
metallic  tests.  Hubscriber  loops  up  to  1,000  Ohms  are  supported. 
This  is  usually  sufficient  only  for  a PABX.  K'e  were  not  able  to 
learn  v/hether  or  not  subscriber  circuits  supporting  higher 
resistances  are  available.  They  are  standard  equipment  in  the 
DMS-10,  however. 

Interfaces  for  Tl  multiplexed  trunk  lines  are  available.  We 
learned  that  optional  compatibility  with  European  standards  is 
currently  being  pursued  and  assume  that  this  means  availability  of 
CEPT  interfaces,  as  well  as  A-law  encoding. 

Remote  Peripheral  Equipment 

This  type  of  equipment  supports  line  shelves  for  up  to  200  or 
300  lines  in  a remote  location,  connected  with  the  main  switch 
through  two  Tl  lines.  Switching  is  under  control  of  the  SL-1  com- 
mon control,  local  calls  between  subscribers  on  the  same  remote 
unit  are  closed  through  local  links,  but  are  under  control  of  the 
SL-1,  thus  freeing  two  channels  on  the  Tl  line. 

Common  Control 

Two  processors,  one  in  "hot  stand-by"  mode,  are  used.  They 
are  specially  designed  for  this  application.  Word  length  is  16 
bits,  minimum  memory  requirement  is  56K  words.  Maximum  memory 
capacity  (for  the  VL  system)  is  256K  words.  Software  is  loaded 
from  a magnetic  tape  cartridge  unit. 

A teletypewriter  serves  as  system  console. 

A system  with  enhanced  reliability  for  military  applications 
is  being  developed.  It  will  have  duplicated  memory,  as  well  as 
duplicated  busses. 

Features 

Practially  all  PABX  and  central  office  features  in  our 
questionnaire  have  been  checked  as  available.  Many  of  the  diagnos- 
tic, administrative  and  traffic  reporting  features  are  available. 

The  SL-1  is  originally  intended  to  be  used  with  the  special 
SL-1  station  set.  This  telephone  utilizes  two  wires  for  voice  and 
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two  additional  wires  as  a digital  communications  channel  to  the 
exchange,  carrying  all  signalling,  such  as  dialing,  pushbutton 
actuation,  ringing,  etc.  Normal  two-wire  telephones  are  supported 
as  well. 

Features  of  Special  Interest 

o One  alternative  routing  option  is  normally  avail- 
able; a special  routing  package  allows  two  sched- 
ules (day  and  night)  with  eight  alternate  routes 
each . 

o AUTOVON  precedence  service  (five  level)  will  be 
available  as  a software  update  in  1978. 

o Interfaces  are  being  developed  to  support 
NORTHERN  TELECOM  licensees  in  Sweden,  Great 
Britain,  France  and  Germany. 

o Enhanced  reliability  will  be  available  in  April, 

1979  for  military  applications.  This  includes 
dual  memory,  a dual  bus  system,  but  no  duplicated 
networks,  lines  or  trunk  interfaces. 

o At  this  time,  the  SL-1  is  only  available  commer- 
cially packaged.  A study  is  in  progress  to 
determine  the  requirements  to  package  an  SL-1 
with  Remote  Peripheral  Equipment  (RPE,  the  remote 
concentrator)  in  an  S-280  enclosure  (hut) . 

o MTBF  (theoretical)  for  total  system  down  is  15 
years . 

o Target  HTTR  is  30  minutes.  Current  experience  in 
Bell  Canada  is: 

80%  of  all  troubles  are  handled  on  a remote 
basis,  average  time  is  15  minutes. 

20%  of  all  troubles  require  on-site  mainte- 
nance and  the  average  time  to  repair  is  45 
minutes. 

Circuit  Switching  of  Data 

No  provisions  are  currently  made  for  direct  transmission  of 
digital  data  through  the  switching  network.  As  with  any  other  PCM 
switch,  an  interface  for  this  purpose  is  technically  feasible. 

System  Advantages 

o Very  flexible  PCM  switch  with  an  overwhelming 
list  of  features. 

o Installed  base  of  over  200  systems  guarantees  a 
high  level  of  operating  experience  and  a high 
degree  of  freedom  from  remaining  "bugs." 
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o NORTHERN  TELECOM  seems  to  be  determined  to  have 
a militarized  version  of  this  system  available 
within  less  than  two  years. 


System  Disadvantages 

o Data  switching  in  digital  mode  is  not  possible 
at  this  time. 

o Supports  up  to  1,000  Ohms  subscriber  loops  only. 
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MANUFACTURER; 

TYPE: 

APPLICATION; 
TECHNOLOGY: 
SIZE  RANGE: 


ROLM 


ROLM,  Santa  Clara,  California 


PABX 

PCM  Time  Division 
100  Lines  to  800  Lines 


This  is  a PCM  time-division  system  of  the  smaller  size  range. 
Roughly  300  such  systems  are  installed  as  of  today.  Extension  of 
the  upper  size  limit  of  this  equipment  to  3,000  to  4,000  lines  is 
planned . 

Svntching  Network 

Very  little  actual  information  about  the  internal  system 
architecture  was  obtained  from  the  manufacturer.  There  is,  however, 
one  important  fact.  The  ROLM  PABX,  at  least  in  its  present  form, 
uses  a nonstandard  12-bit  linear  encoded  type  of  PCM  and  a sampling 
rate  of  12  KHz. 

The  PCM  network  obviously  is  a simple  time  switch  with  the  12 
bits  of  each  data  word  transmitted  in  parallel. 

This  type  of  PCM  encoding,  as  well  as  the  system  structure, 
precludes  direct  compatibility  with  either  the  BELL  Tl  or  the  CEPT 
standard  multiplexed  PCM  trunks.  No  special  interface  is  offered  as 
of  yet;  however,  the  manufacturer  indicated  that  compatibility  with 
both  standards  will  be  offered  in  1980.  An  interface  will  be  used 
which  converts  the  12  bit,  12  KHz  sampling  rate  of  the  internal  PCM 
into  either  the  Tl  or  the  CEPT  PCM  standard,  resulting  in  the  appro- 
priate encoding  law  in  each  case.  The  interface  will  use  a digital 
algorithm. 

The  entire  switching  network  is  duplicated  for  enhanced  reli- 
ability. 

Subscriber  Line  and  Trunk  Circuits 

Only  analog  trunks  and  analog  subscribers  can  interface  with 
the  switch.  One  CODEC  is  shared  by  16  lines.  Encoding  is  in  linear 
PCM,  12  bits  per  word  and  at  a sampling  rate  of  12  KHz.  The  high 
sampling  rate  results  in  significantly  reduced  specifications  and 
cost  for  the  transmit  and  receive  filters. 
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Although  two-  and  four-wire  trunks  are  available,  only  two-wire 
subscribers  can  be  connected  as  indicated  in  the  questionnaire.  We 
were  told,  however,  that  four-wire  subscriber  circuits  could  be  pro- 
vided as  an  option.  The  line  gain  is  adjustable  under  common  cont- 
rol 

Interfaces  to  both  BELL  Tl , as  well  as  to  CEPT  PCM  trunks,  are 
planned  to  become  available  in  1980.  They  will  use  a digital  algo- 
rithm to  convert  between  the  internal  and  the  external  PCM 
standards . 

Common  Control 

A modified  version  of  the  POLM  1603  minicomputer  is  used  in  the 
common  control  section.  The  ROLM  1603  is  a "ruggedized"  version  of 
the  DATA  GENERAL  "NOVA"  computer.  In  this  case,  the  "ruggediza- 
tion"  has  been  lost  to  a certain  degree  by  substituting  less  expen- 
sive commercial  components  for  the  normally  used  high  quality  types. 
It  appears  to  be  entirely  feasible  to  substitute  the  regular  ROLM 
1603  for  this  modified  version  if  so  desired. 

Two  processors  are  provided  per  system  for  purposes  of  redun- 
dancy. Software  is  read  into  memory  from  magnetic  tape  cassettes. 
No  overlays  are  used,  all  programs  are  always  in  memory. 

A service  teleprinter  serves  as  the  system  console.  It  may  be 
located  on-site  or  remotely. 

Features 

All  of  the  PABX  features  in  our  questionnaire  were  checked  as 
either  in  service  or  available.  Many  traffic  reporting,  as  well  as 
diagnostic  capabilities,  are  available.  Remote  reporting  is  accom- 
plished over  voice  lines  with  modems.  Dial-up  reporting  is 
available. 

Features  of  Special  Interest 

From  our  list  of  military  features,  only  progressive  confer- 
encing, direct  access  service,  zone  restrictions  and  unrestricted 
numbering  are  checked  as  being  in  service.  All  others  are  difficult 
to  include. 

For  data,  see  the  next  heading. 

Sixteen  alternate  routing  options  are  available. 
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Modem  signals  of  up  to  9600  bits/second  may  be  transmitted  over 
the  switch.  The  manufacturer  indicated  that  an  interface  for 
digital  data,  to  be  used  instead  of  a subscriber  line  circuit,  may 
be  easily  designed. 

With  an  internal  rate  of  144,000  bits/second  for  each  voice 
channel,  more  than  64  kilobits/second  could  easily  be  accommodated. 
However,  the  planned  interface  to  digital  trunks,  which  will  include 
a PCM  standard  conversion,  precludes  transparent  operation  within  an 
integrated  switching  and  transmission  network. 

System  Advantages 

o Very  compact  PCM  system,  specifically  designed 
for  the  size  range  below  1,000  lines. 

o Many  features  available. 

o High  degree  of  redundancy. 

o System  may  be  expected  to  have  excessive  proces- 
sing power,  useful  if  additional  features  have  to 
be  implemented. 

o 300  systems  installed,  with  considerable  opera- 
tional experience. 

System  Disadvantage 

o Uses  nonstandard  PCM. 

o Even  with  proposed  PCM  trunk  interfaces,  no  data 
integrity  possible  v/hen  transmitting  over  digital 
trunks. 
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SIEMENS 


MANUFACTURER: 

TYPE: 

APPLICATION: 

TECHNOLOGY: 

SIZE  RANGE: 

This  system  has  been  developed  and  is  being  built  especially 
for  the  U.S.  market  by  the  SIEMENS  Corporation,  Iselin,  New  Jersey. 
It  is  intended  for  general  business  applications.  A hotel-motel 
PABX  based  on  the  same  hardv/are  is  expected  to  be  announced  in  the 
first  half  of  1978.  It  will  allow  a maximum  configuration  at  least 
twice  the  size  of  the  SD-192. 

Switching  Netv/ork 

In  the  minimum  configuration,  this  solid  state  space  division 
network  is  fully  nonblocking.  The  maximum  configuration  of  192 
lines  and  48  trunks  has  a capacity  of  about  36  Erlangs,  allowing 
0.22  Erlang  per  line  under  the  assumption  of  30%  intraoffice 
traffic. 

No  redundancy  increasing  design  measures  are  incorporated  into 
this  small  switching  network. 

Common  Control 

This  system  is  stored  program  controlled  using  an  INTEL  8080 
microprocessor.  CPU's  are  not  duplicated  for  redundancy.  The  SD- 
192  uses  a tape  cassette  drive  for  loading  of  software. 

Peripherals  include  a local  or  remote  printer  and  a detachable 
small  terminal,  which  serves  as  an  operator's  console  and  may  be 
used  locally  or  remotely.  It  is  the  size  of  a small  desk-top 
calculator  and  has  a numeric  keyboard  plus  special  funtion  keys,  as 
well  as  an  online  alphanumeric  LED  display.  All  data  and  feature 
changes,  as  well  as  report  requests  are  initiated  from  this  terminal 
in  a very  simple  code.  Output  is  either  to  the  printer  and/or  to 
the  LED  display. 


SIEMENS  Corporation,  Iselin,  New  Jersey 

SD-19.2 

PABX 

So^^  State  Space  Division 
,4'8  to  192  Lines 
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Attendant  Console 


Compact  and  easy  to  understand.  Calls  are  displayed  giving 
trunk  group  and  number,  as  well  as  station  number  and  class  of 
service.  Status  of  all  trunks  and  the  time  of  day  is  always  dis- 
played. An  optional,  separate  display  unit  indicates  the  status  of 
all  stations. 

Features 

Those  listed  in  summary  tables  and  some  more. 

Features  of  Special  Interest 

System  runs  on  115  V A.C.  and  allows  for  an  exceptionally  wide 
range  of  supply  voltage;  85V  to  130V  (57  Hz  to  63  Hz).  Optional  48 
V D.C.  supply  module  available. 

Memory  has  special  protection  circuitry,  preserving  content  of 
the  (semiconductor)  memory  through  short  power  interruptions.  Only 
power  interruptions  of  longer  duration  require  reloading  of  soft- 
ware, which  takes  place  automatically  and  requires  90  seconds  after 
power  is  restored. 

Circuit  Switching  of  Data 

Technology  of  switching  network  may  be  expected  to  allow  trans- 
mission of  data  of  any  speed  up  to  at  least  64  Kbps,  but  no  line  or 
trunk  interfaces  for  such  mode  of  operation  are  available.  This 
would  require  special  design  effort. 

System  Advantages 

o Offers  all  the  essential  PABX  subscriber  and 
system  features  listed  in  our  ouestionnaire , 
except  two  party  hold  on  console,  line  and  trunk 
testing  capability,  and  some  of  the  more  sophis- 
ticated reporting  functions, 

o Change  of  data  and  administration  of  system  from 
special  terminal  made  so  easy  as  to  require 
little  training  of  operator  responsible  for  this 
task . 

o The  range  of  sizes  are  well  within  what  we  consi- 
der the  domain  of  solid  state  space  division 
switching  for  quite  a number  of  years  to  come. 

o Solid  state  space  division  matrix  has  the  general 
capability  to  transmit  circuit  switched  data. 
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o Relatively  new,  no  actual  reliability  information 
available  as  yet. 

o Neither  common  control  nor  matrix  duplicated  for 
redundancy . 

o No  interface  for  digital  data  offered,  though 
technically  feasible. 


STROMBERG-C/'RLSON 


MANUFACTURER : 
TYPE; 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


STROMBERG-CARLSON , Rochester,  New  York 
Century  ECO 

C.O.,  Class  5 and  Class  4/5 
PCM  Time  Division 
200  to  20,000  Lines 


The  CENTURY  DCO  series  covers  a v;ide  range  of  system  sizes. 
This  has  become  possible  through  modular  design,  as  well  as  through 
an  arrangement  of  functionally  distributed  processing.  (STROMBERG- 
CARLSON  does  not  use  the  term  "multiprocessor  system,"  but,  in  our 
opinion,  it  might  as  well  be  used.)  Further,  the  call  processing 
computer  uses  tv/o  members  of  a family  of  upward  compatible  com- 
puters, depending  on  system  size. 

Switching  Netv/ork 

The  switching  network  is  of  the  time-space-time  type.  App<'ar- 
ances  on  the  network  are  organized  into  port  groups  of  30  individual 
ports,  the  digital  information  from  these  ports  is  multiplexed  into 
one  port  group  highway.  Eight  port  groups  are  connected  with  one 
time-slot  interchange  (TSI).  Thus,  up  to  8 times  30,  or  240  ports 
(each  equivalent  to  one  line  or  trunk)  are  connected  with  one  TSI, 
which  may  pick  up  to  128  of  them  and  insert  their  bits  into  one  of 
the  128  time  slots  of  the  associated  cross  office  highway.  Up  to  32 
TSI's  may  be  used  in  one  network,  resulting  in  7,680  ports  and  a 
total  traffic  capacity  of  2,816  Erlangs.  NOTE ; An  optional  8,000 
Erlang  matrix  will  be  available  soon. 

Each  port  group  has  its  own  port  group  control,  each  TSI  its 
control  store  and  each  group  of  eight  TSI's  has  its  ov/n  telephony 
preprocessor  and  associated  circuitry. 

The  whole  switching  network,  including  port  group  control, 
TSI's  with  control  and  telephony  preprocessors,  is  duplicated  for 
redundancy.  One  system  is  normally  operative,  while  the  other  is  in 
a "hot  stand-by"  mode.  Both  are  being  monitored  for  proper  function 
through  diagnostic  softv/are  from  the  maintenance  processor  and, 
whenever  the  operating  unit  shows  a malfunction,  the  other  unit  is 
put  on-line. 
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Subscriber  and  Trunk  Circuits 


Subscriber  line,  as  well  as  analog  trunk  circuits,  use  one 
CODEC  per  line.  Both  two-  and  four-wire  subscriber  lines,  as  well 
as  two-and  four-wire  analog  trunks,  are  supported  u law  or  A-law 
is  available.  Analog  trunks  are  accommodated  with  specially  design- 
ed interface  cards  (not  standard  channel  banks),  allowing  quite  a 
number  of  signaling  systems. 

Two-wire  interface  circuits  use  an  active  hybrid  circuit,  sub- 
scriber loops  may  have  up  to  1900  Ohms.  Also,  T1/D2,  as  well  as  32 
channel  CEPT,  interfaces  to  digital  trunks  are  available. 

Com.mon  Control 

Three  levels  of  processing  are  used:  Call  processing  takes 
place  in  the  call  processing  system,  using  a DEC  LSI  11  for  sv;itches 
of  up  to  about  5,000  lines  (exact  limit  depending  on  number  of 
features) . Above  this  size,  a DEC  PDP  11/35  is  used.  Both  proces- 
sors are  upward  compatible.  The  call  processing  system  is  dupli- 
cated for  redundancy,  each  one  is  equipped  with  its  own  memory. 
One  is  normally  operating,  the  other  one  in  "hot  stand-by"  mode 
STROHBERG-CARLSON  has  designed  special  interfaces  to  the  basic  DEC 
processors  to  allow  an  extended  addressing  range,  as  well  as  the  use 
of  error  correcting  code. 

The  call  processing  system  communicates  with  the  telephony 
processors,  which  are  dedicated  microprocessors.  They  take  care 
of  most  real-time  tasks:  line  supervision,  certain  signaling-relat- 
ed functions  and  certain  network  control  functions.  There  is  one 
telephony  preprocessor  for  each  group  of  eight  TSI's,  duplicated 
for  redundancy. 

A maintenance  processor  (not  duplicated)  runs  all  administra- 
tive and  diagnostic  programs,  including  the  generation  of  test 
calls.  It  uses  floppy  disk  drives  for  off-line  software  storage 
and  also  initializes  the  system  and  loads  the  programs  from  the 
floppy  disk  into  the  call  processor. 

The  usual  range  of  peripherals  may  be  used  on  the  common 
control,  either  locally  or  remote. 
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Automatic  line  and  trunk  tests,  as  well  as  a large  variety  of 
diagnostics,  are  executed  under  control  of  the  maintenance 
processor. 

Features 

Those  available  are  listed  in  the  summary  table.  Most  of  the 
C.O.  features  from  our  questionnaire  are  available.  Many  PABX 
features  are  included  in  a CENTREX  package. 

Features  of  Special  Interest 

o System  has  a high  degree  of  built-in  redundancy 
all  of  the  switching  network  and  common  control 
has  been  fully  duplicated. 

o System  can  control  remote  concentrators  and 
satellite  offices. 

o High  degree  of  modularity,  covers  a large  range 
of  office  sizes. 

o An  optional  8,000  Erlang  matrix  will  be  available 
soon,  allowing  either  larger  configurations  or 
higher  traffic  per  line. 

o Accepts  both  T1/D2  and  CEPT  digital  trunks,  as 
well  as  both  u-law  and  A-law  encoding  options. 

Circuit  Switching  of  Data 

The  manufacturer  checked  this  item  on  the  questionnaire.  We 
subsequently  learned  that  a digital  data  interface  is  under  consi- 
deration, but  has  not  been  designed.  We  were  told  that  such  an 
Interface  would  be  particularly  simple,  because  of  the  design  of  the 
switch,  which  handles  PCM  signals  by  the  bit  instead  of  by  the  word, 
as  most  other  switches  do.  However,  we  cannot  really  see  that  this 
will  be  of  much  significance  as  far  as  cost  of  this  interface  is 
concerned. 

System  Advantages 

o High  degree  of  redundancy. 

o High  degree  of  modularity.  (There  is  even  a PABX, 
based  supposedly  on  the  same  type  of  hardware. 

We  have  not  been  able  to  get  sufficient  infor- 
mation about  this  PABX.) 

o Large  number  of  features  available,  including 
PABX  features  in  the  C.O.  CENTREX  packages. 

System  Disadvantages 

o This  is  a new  system,! ittle  actual  operating 
experience  available  as  of  yet. 
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TRW  VIDAR 


MANUFACTURER: 

TYPE: 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


TRW  VIDAR,  Mountain  View,  California 
ITS  A,  ITS  f',  ITS  ^/5 

Class  Class  5,  Class  4/5  Operation 
PCM  Tine  Division 

3,07?  Trunks  or  12,768  Lines  plus  1,104  Trunks 


VIDAR  has  developed  the  ITS  Inteorated  Transmission  and  Sv/itch- 
ing  System  around  the  ITS  4 Rase  Switch.  This  unit  evolved  from  the 
design  of  the  former  TMA  2 tandem  system.  It  has  an  essentially 
digital,  nonblocking  network  with  either  64  (before  third  quarter 
1979)  terminations  for  .?4  channel  Tl  multiplexed  trunks,  or  128  such 
terminations  (after  third  quarter  1979).  This  switch,  equipped  with 
a common  control  section,  may  be  used  in  tandem  or  toll-tandem 
applications  either  for  digital  trunks  or,  with  additional  channel 
banks  with  analog  trunks.  It  may  further  be  equipped  with  Local 
Subscriber  Switches  (LSS)  or  Remote  Subscriber  Switches  (RSS). 
Each  of  those  units  supports  up  to  336  subscriber  lines,  and  has  33 
Erlangs  traffic  carrying  capacity.  The  former  connects  to  the  Base 
Sv/itch  via  two  DS-l  network  ports,  allowing  reduced  traffic  carrying 
capability  even  with  one  Tl  line  down. 

In  Class  4 operation,  the  ITS  Base  Switch,  in  its  planned 
larger  configuration,  has  a capacity  of  3,072  trunk  terminations. 
In  Class  5 operation,  the  capacity  is  12,768  subscriber  lines  (38 
subscriber  switch  units)  and  1,104  trunks.  It  is  possible  to  trade 
48  trunks  for  336  lines. 

Switching  Network 

The  switching  netv/ork  of  the  Base  Switch  (ITS  4)  is  of  the 
folded,  nonblocking  type.  It  interfaces  with  Tl-type  multiplexed  24 
channel  lines;  16  such  lines  terminate  in  one  line  group.  The 
system  can  have  up  to  eight  line  groups,  equivalent  to  128  Tl  (DS-l) 
ports  or  3,072  individual  terminations.  The  1 ne  groups  store  all 
incoming  PCM  information  temporarily  in  memory,  using  a re-derived 


clock  (from  incoming  lines).  Information  is  read  out  of  these 
memories  with  the  internal  "master  clock."  The  "A"  and  "B"  signal- 
ling bits  are  split  off  and  sent  to  the  signal  processor  at  this 
point.  The  PCM  voice  information  from  16  Tl  lines  is  multiplexed 
into  a 3.088  megabits/second  parallel  stream.  There  is,  of  course, 
one  such  stream  in  each  direction.  These  bit  streams  finally  inter- 
face the  line  group  with  the  time-slot  interchange  (TSI).  The  TSI 
allows  the  interchange  of  information  contained  in  individual  time- 
slots  of  the  m.ultiplexed  bit  streams  in  such  a way  as  to  connect 
each  channel  from  each  of  the  port  groups  with  each  other  channel  in 
the  same  or  in  any  other  port  group,  while  preserving  full  avail- 
ability at  all  traffic  conditions.  This  interchange  of  information 
is  controlled  by  the  content  of  a "call  store,"  which  is  part  of 
the  TSI.  This  call  store  consists  of  a semiconductor  memory.  The 
system  controller  may  establish  or  drop  calls  by  writing  into  or  de- 
leting information  in  this  memory.  The  TSI  can  transmit  a memory 
map  to  the  system  controller  on  command. 

All  parts  of  the  network,  in  which  a single  failure  can  cause 
system  failure,  are  duplicated  for  increased  reliability. 

Common  Control 

The  system  controller  uses  two  pairs  of  synchronously  redundant 
INTEL  8080  microprocessors.  In  normal  operation,  one  pair  is  used 
for  call  processing,  the  other  for  diagnostic  and  administrative 
tasks.  If  a failure  is  detected  in  the  call  processing  pair  (if 
there  is  a discrepancy  between  the  outputs  of  the  two)  , then  the 
other  pair  is  substituted  and  continues  with  call  processing. 

A separate  signal  processor  receives  the  "A"  and  "B"  signalling 
bits  from  the  incoming  PCM  words  and  inserts  the  appropriate  bits 
into  the  outgoing  PCM  words.  The  signal  processor  also  receives 
framing  error  and  parity  error  alarms  and  initiates  path  continuity 
tests.  It  communicates  with  the  system  controller. 

A service  generator  switches  digitally  generated  signals  to  the 
proper  time-slots  on  command  from  the  system  controller.  It  allows 
the  generation  of  dial  tones,  ringback  tone,  reorder  tone,  etc.  The 
MF  sender/receiver  group  occupies  one  Tl  interface  slot  on  the  line 
group.  It  is  also  under  control  of  the  system  controller. 
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Trunk  Interfaces 

The  Base  Switch  connects  with  Tl  lines  directly.  Analog  trunks 
are  interfaced  to  channel  bank  eouiprrent. 

Subscriber  Switches 

Adding  either  Local  Subscriber  Switches  (LSS)  or  Pemote  Sub- 
scriber Switches  (PSS)  to  the  ITS  4 Base  Switch  allows  the  connec- 
tion of  subscriber  lines  and  results  in  a Class  5 or  a Class  4/5 
configuration.  The  remote  switches  make  possible  the  concept  of 
distributed  switching. 

Further,  a Subscriber  Carrier  Terminal  (SCT)  can  serve  up  to  24 
subscribers,  and  may  be  connected  with  either  a LSS  or  a PSS  via  a 
Tl  line. 

The  LSS  (subscriber  line  concentrator)  consists  of  up  to  336 
subscriber  circuits,  which  serve  one  subscriber  each  and  convert 
between  analog  and  PCM  signals.  The  PCM  signals  may  be  multiplexed 
into  any  one  of  48  channels  (equivalent  to  two  Tl  lines)  which 
interface  with  two  DS-1  ports  on  the  Base  Switch.  This  way,  access 
to  one  of  the  48  channels  means  full  availability. 

The  PSS  has  the  same  configuration,  but  is  equipped  for  remote 
operation.  It  is  connected  with  the  Base  Switch  via  two  Tl  lines. 
The  PSS  has  additional  local  switching  capabilities,  provided  on  a 
stand-by  basis,  in  the  event  of  a breakdown  of  both  Tl  lines  to  the 
Base  Switch.  This  gives  a stand-alone  POTS  capability.  In  any 
event,  outage  of  only  one  of  the  Tl  lines  reduces  traffic  carrying 
capability,  but  does  not  bar  access  to  the  Base  Switch  for  any  of 
the  local  subscribers. 

Connection  of  the  SCT,  which  may  be  located  remote  from  either 
a LSS  or  a PSS  carries  the  distributed  concept  even  further.  Speci- 
fically, it  brings  the  CODEC  closer  to  a group  of  subscribers,  sub- 
stituting a length  of  two  twisted  pairs  (of  the  Tl  line)  for  up  to 
24  pairs  (analog  subscriber  loops) . 

Subscriber  Circuits 

Subscriber  circuits  use  one  CODEC  for  24  lines.  Only  ^-law 
encoding  is  available.  The  hybrid  is  manually  adjustable.  Two- 
wire,  as  well  as  four-wire  circuits,  are  available.  There  is  a 
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large  variety  of  special  subscriber  circuits,  covering  most  any 
application  in  the  central  office  environment. 

Features 

All  applicable  features  in  our  questionnaire  were  checked  as 
either  available  now  or  in  1978-1979.  This  includes  line  and  trunk 
testing,  as  well  as  most  traffic  monitoring  and  administrative 
features. 

Features  of  Special  Interest 

The  items  on  our  list  of  military  features  were  checked  to  be 
either  available,  in  service  or  easily  included,  except  for  secure 
call  mode/key  conversion. 

According  to  VIDAR,  five  level  military  call  precedence  would 
be  easy  to  implement,  given  a CCIS  type  signalling  plan  to  provide 
travelling  class  marks.  VIDAP  will  provide  CCIS  when  reauired. 

Circuit  Switching  of  Data 

VIDAP  indicated,  that  data  of  up  to  64  Kbps  could  be  easily 
transmitted  through  the  switch  (in  the  case  of  64  Kbps,  CCIS  is 
required  in  order  to  save  the  D2  signalling  bits  for  use  in  the  data 
word.  CCIS  can  be  provided,  according  to  VIDAR.  We  have  not  been 
able  to  learn  whether  an  interface  already  exists,  or  if  the  VIDAP 
Tl  data  terminal  may  be  used  for  this  purpose.  We  assume  that  this 
data  terminal,  if  not  suitable,  could  relatively  easily  be  modified. 

System  Advantages 

o The  ITS  is  a product  line  which  allows  the  imple- 
mentation of  integrated  transmission  and  switch- 
ing concepts,  as  well  as  concepts  of  distributed 
switching,  with  a flexibility  which  is  relatively 
unique. 

o Six  ITS  4 systems  arc  in  service,  one  over  18 
months.  New  systems  are  being  installed  in  a 
fast  sequence.  Therefore,  it  can  be  expected 
that  within  a year  or  two  extensive  operating 
experience  (and  a certain  degree  of  freedom  from 
"bugs")  will  be  available. 

System  Disadvantages 

o Does  not  support  the  European  PCM  standard. 

o According  to  VIDAP,  not  easy  to  "ruggedize." 

Shock  and  vibration  tolerances  are  low,  due  to 
large  PC  board  size. 
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TELEFONBAU  UND  NORMALZEIT 


MANUFACTURER; 

TYPE; 

APPLICATION; 
TECHNOLOGY; 
SIZE  RANGE; 


TELEFONBAU  UND  NORMALZEIT,  Frankfurt,  Germany 

III  W 6030  Z and  HI  W 6030  E 

PABX 

PAM  Time  Division 

1,000  to  3,000  Lines  for  III  W 6030  Z 
100  to  800  Lines  for  III  W 6030  E 


This  PABX  has  been  sold  in  Germany  and  other  countries.  The 
first  installation  was  cutover  beginning  of  1975.  This  system  and 
the  WESTERN  ELECTRIC  "DIMENSION"  are  the  only  PAM  switches  in  our 
survey. 


Switching  Network 

For  a general  description  of  PAM  switching  technology  see  sec- 
tion "A"  of  this  chapter. 

The  III  W 6030  E,  the  smeller  of  the  two  configurations,  uses  a 
one-stage  PAM  matrix  end  accommodates  100  to  800  lines  and  10  to  80 
trunks.  The  III  W 6030  Z has  a two-stage  PAM  matrix  and  accom- 
modates between  1,000  and  (normally)  3,000  lines  and  100  to  500 
trunks.  Larger  configurations  are  possible. 

The  internal  sample  transmission  rate  is  eight  KHz. 

In  the  larger  switch  (2),  the  matrix  is  completely  duplicated 
for  redundancy,  but  not  in  the  smaller  configuration  (E) . 

Subscriber  Line  and  Trunk  Circuits 

Two-  and  four-wire  trunks  as  well  as  two-  and  four-wire  sub- 
scribers can  be  accommodated.  All  two-wire  circuits  use  a three- 
inductor  hybrid  circuit. 

A PCM  multiplex  interface  for  the  European  standard  is  avail- 
able for  the  larger  switch.  Here,  PAM  signals  are  switched  into  a 
common  bus  and  assembled  in  the  desired  sequence.  The  PAM  multiplex 
is  then  applied  to  a CODEC. 

Common  Control 

Hardwired  logic  performs  many  of  the  basic  routines  required  in 
the  system.  A pair  of  TEXAS  INSTRUMENTS  960  minicomputers  (a  single 
one  in  case  of  the  smaller  III  W 6030  E)  is  used  in  the  common 


control . 
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The  common  control  computer  elso  performs  the  diagnostic  and 
administrative  routines. 

System  console  consists  of  keyboard,  printer  and  tape  unit. 

Attendant  Console 

More  than  one  attendant  console  may  be  attached,  depending  on 
the  call  handling  requirements  and  size  of  the  switch.  All  calls 
are  individually  displayed  at  the  console,  as  is  the  status  of  lines 
and  trunks. 

Features 

The  larger  switch  has  all  the  PABX  features  listed  in  our 
questionnaire;  the  smaller  one  most  of  them.  A reasonable  variety 
of  diagnostic  and  traffic  reporting  features  are  available.  An 
automatic  call  distributor  configuration  is  available. 

Features  of  Special  Interest 

o PCM  CEPT  (32  channel)  interface  available  for  III 
W 6030  Z 

o See  next  section  for  data  features. 

Circuit  Switched  Data 

‘ The  6030  system  is  used  in  special  configurations  for  business 
data  acquisition  purposes.  A variety  of  data  terminal  instruments 
are  available  which  are  either  mechanically  combined  with  the  tele- 
phone instrument  or  used  separately.  Data  of  up  to  9600  bits/second 
may  be  circuit  switched  through  the  telephone  switch,  while  higher 
data  rates  use  separate  lines.  These  lines  connect  directly  with  a 
data  assembling  separate  minicomputer,  while  the  data  which  travels 
through  the  telephone  switch  are  connected  with  this  computer 
through  special  ports. 

The  manufacturer  has  successfully  transmitted  data  of  64  Kbps 
through  the  telephone  switching  network  in  an  experimental  instal- 
lation. No  such  provision  is  offered  for  sale  as  yet. 

System  Advantages 

o System  in  use  since  beginning  of  1975.  Can  be 
expected  to  have  "matured"  to  ouite  some  degree 
of  reliability  and  freedom  from  software  "bugs." 
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o No  quantizing  noise  as  in  PCM  systems. 

o System  common  control  has  excessive  processing 
power,  may  be  used  for  additional  software  tasks 
or  features. 

o May  interface  v;ith  PCM  CEPT  multiplexed  trunks, 
o Data  switching  available  to  a certain  degree. 

System  Disadvantages 

o PCM  compatible  to  a small  degree  only. 

o Data  transmission  through  switch  for  over 
9600  bits/second  not  possible. 
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WESCOM 


MANUFACTURER; 

TYPE; 

TECHNOLOGY; 
APPLICATION; 
SIZE  RANGE; 


WESCOM,  Downers  Grove,  Illinois 
580  DSS 

PCM  Time  Division 
PABX 

80  to  2,400  Lines 


This  is  a PCM  time  division  PABX,  featuring  a fully  nonblocking 
switching  network.  It  is  implemented  with  a unique  multiprocessor 
architecture,  using  a concept  of  "democratic"  functionally  distri- 
buted processing.  All  processors  are  INTEL  type  8080  micro- 
processors. 

Switching  Network 

Subscriber  circuits  and  trunk  circuits  convert  voice  signals  to 
PAM,  one  CODEC  converts  24  multiplexed  PAM  channels  into  PCM. 
Inputs  and  outputs  from  four  CODEC's,  corresponding  to  96  channels, 
are  multiplexed  together  in  a first-order  multiplexer.  Subsequent- 
ly, eight  such  96  channel  multiplexers  are  multiplexed  into  a bus 
with  772  time-slots  (768  active  plus  four)  . There  is  an  incoming 
bus  and  an  outgoing  bus.  The  eight-bit  PCM  words  from  the  incoming 
bus  are  written  into  a semiconductor  memory  as  they  come  in.  Then 
they  are  read  out  in  a different  sequence,  according  to  the  desired 
call  connections  and  placed  into  the  time  slots  on  the  outgoing  bus. 

Up  to  four  such  switching  modules  as  described,  each  serving 
768  lines  may  be  com.bined  to  form  a matrix  of  about  3,000  ports 
(2,400  lines  plus  600  trunks).  Nonblocking  interconnections  between 
the  modules  are  provided  by  the  following  technique;  Each  module 
has  enough  memory  to  allow  writing  of  all  samples  from  all  four 
busses.  Thus,  sam.ples  for  the  outgoing  bus  in  each  module  may  be 
selected  from  those  on  all  incoming  buses. 

In  any  matrix  configuration,  one  spare  module  is  provided.  The 
fully  equipped  matrix  thus  consists  of  five  modules.  The  spare 
module  is  switchable  to  replace  any  of  the  normally  operating 
modules  in  case  of  failure,  or  during  maintenance. 
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As  can  be  seen  from  this  description,  no  concentration  is  used. 
This  matrix  is  completely  nonblocking. 

Subscriber  Line  Circuits  and  Trunk  Circuits 

Poth  types  of  circuits  use  one  CODEC  for  every  24  lines.  While 
the  trunk  circuits  are  of  conventional  design,  the  line  circuits  are 
remarkable  because  they  use  a fully  solid  state  circuit  which  per- 
forms the  functions  of  the  hybrid,  of  battery  feed,  line  supervision 
and  line  balancing  as  well  as,  to  a certain  degree,  protection 
against  overvoltages.  Filters  are  of  the  usual  active  type,  using 
thick  film  technology  and  Laser  trimmed  resistors. 

Line  gain  is  adjustable  under  common  control.  This  is  achieved 
in  a unique  manner.  Switchable  digital  attenuators  are  inserted 
into  the  multiplexed  bit  stream  behind  the  digital  multiplexer 
stage.  They  adjust  the  gain  (or  loss)  of  each  individual  channel 
according  to  a look-up  table.  The  look-up  tables  may  be  changed 
from  the  common  control. 

Common  Control 

The  common  control  complex  consists  of  a series  of  INTEL  8080 
microprocessors  arranged  to  provide  distributed  processing.  Six 
different  processors  are  used,  each  one  assigned  to  a different 
task.  Each  one  is  also  duplicated  for  redundancy.  The  processors 
are; 

o A line  processor 

^ o A trunk  processor 

o A state  processor 
o A register  processor 
o A data  base  nrocessor 
o A console  processor 

This  scheme  is  contrary  to  that  of  many  other  switches,  where 
load  sharing  processors  are  used.  Further,  the  processors  in  this 
system  are  not  interrupt  driven,  but  continuously  "scan"  for  events. 
Interprocessor  links  and  buffers  allow  the  processors  to  communicate 
with  each  other. 
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A floppy  disk  unit  stores  the  software  package.  It  is  only 
accessed  to  reload  after  the  system  is  shutdown. 

Various  software  packages  are  available,  each  one  contains  all 
the  features  offered  for  that  particular  application. 

Maintenance  features  eauivalent  to  those  required  for  a central 
office  are  provided,  with  the  exception  of  automatic  line  and  trunk 
testing.  Remote  access  for  diagnostics,  administrative  procedures 
and  traffic  supervision  are  provided. 

Features 

Most  of  the  central  office,  as  well  as  of  the  PABX  features, 
were  checked  in  our  questionnaire. 

Feature  packages  for  many  specific  applications  are  available. 
Also,  CENTREX,  as  well  as  mul ticustomer  operation,  is  supported. 

Features  of  Special  Interest 

All  of  the  military  features  in  our  questionnaire,  with  the 
exception  of  secure  call  mode/key  conversion  and  data  switching, 
were  checked  to  be  either  in  service  or  easily  included. 

Others  include: 

o Gain  adjustable  under  comimon  control  software. 

o High  traffic  rating  on  all  lines  (matrix  non- 
block ing ) . 

o Interfaces  directly  with  Tl  trunks. 

o Accepts  tvo-  and  four-wire  lines  and  trunks. 

Circuit  Switching  of  Data 

No  data  interface  is  provided.  Although  data  may  be  transmit- 
ted directly  through  any  PCM  switch,  the  WESCOM  580  DSS  seems  to  be 
the  least  suitable,  because  of  its  adjustable  digital  attenuators. 
It  should  be  checked,  however,  if  it  would  not  be  sufficient  to  set 
the  gain  in  each  line  or  trunk  used  for  data  transmission  to  0.0  db 
gain  in  order  to  maintain  data  integrity. 

System  Advantages 

o High  traffic  capacity,  1 Erlang  on  all  lines  and 
trunks . 
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o Four-wire  lines  and  trunks  accepted. 

o Lightweight,  because  no  transformers  used  in 
line  circuits. 

o According  to  the  manufacturer,  this  particular 
multiprocessor  approach  makes  it  easy  to  include 
additional  software  generated  features. 

System  Disadvantages 

o At  present,  allows  subscriber  loops  up  to  1,000 
Ohms  only  (extension  to  1,600  expected). 


MANUFACTURER  : 
TYPE: 

APPLICATION: 
TECHNOLOGY: 
SIZE  RANGE: 


WESTERN  ELECTRIC,  Winston  Salem,  N.C. 

WESTERN  ELECTRIC,  Winston  Salem,  N.C. 
DIMENSION  400  and  DIMENSION  ;?000 
PABX 

PAM  Time  Division 

DIMENSION  400:  400  Lines 

DIMENSION  ,7000:  2,000  Lines 


As  of  this  writing,  the  manufacturer  still  declines  to  provide 
more  information  than  that  contained  in  the  incomplete  question- 
naires and  in  the  feature  oriented  sales  brochures.  Specifically, 
technically-oriented  system  specifications  could  not  be  obtained, 
particularly  data  on  busy-hour  call  attempts,  busy  hour  calls,  etc. 

The  Switch 

The  400-line  version,  as  well  as  the  2,000-line  version,  of  the 
DIMENSION  PABX  is  included  in  our  survey.  A DIMENSION  "CUSTOM"  is 
available,  v;hich  accepts  up  to  5,000  lines,  but  is  otherwise  similar 
to  the  2000  model. 

The  sv/itch  uses  PAM  internally  in  combination  v/ith  time  divi- 
sion switching.  No  other  details  could  be  obtained. 

Features 

A very  comprehensive  list  of  PABX  features  is  available, 
including  many  administrative  and  traffic  reporting  features.  The 
features  checked  in  our  questionnaire  for  the  three  different  size 
ranaes  (Models  400,  2000,  Custom)  are  nearly  identical. 

Features  of  Special  Interest 

Interfaces  with  AUTOVON,  NATO,  AN/TTC  38  and  39,  as  well  as 
with  the  national  networks  in  Germany,  France,  Belgium,  and  Holland, 
are  available. 

Circuit  Sv/itchinq  of  Data 

No  provisions  made;  difficult  to  include. 

System  Advantages 

o Impressive  list  of  features. 

o The  DIMENSION  switches  are  expected  to  be  the 
PABX's  in  this  size  range  which  the  Bell  System 
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will  install  in  the  years  to  come.  Therefore, 
enough  operating  experience  will  be  available, 
at  least  in  the  near  future.  Also,  softv/are 
and  hardware  bugs  may  be  expected  to  disappear 
more  quickly  because  of  the  volume  of  switches 
involved . 

System  Disadvantages 

o No  military  features  available  yet. 

o Data,  as  well  as  CVSD  transmission  capabilities, 
likely  to  be  difficult  to  include. 
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OBSERVATIONS  AND  CONCLUSIONS 
ON  MEETING  QUAS I -M I LI TARY  SPECIFICATIONS 


The  purpose  here  is  to  make  observations  and  to  draw  con- 
clusions on  the  ability  of  the  manufacturers  currently  offering 
advanced  commercial  electronic  telephone  switching  equipments  to 
meet  a minimum  set  of  military  environmental  requirements. 

A.  ENVIRONMENTAL  STANDARDS 

It  is  our  conclusion  that  the  broad  range  of  commercial  equip- 
ment surveyed  could  easily  meet  a requirement  for  operation  within 
0°  C to  60*^  C ambient  temperature  in  the  operating  area.  They 
should  also  be  able  to  withstand  short-term  periods  of  temperature 
substantially  in  excess  of  this.  Above  60°  C,  the  systems  should 
operate  but  an  increased  failure  rate  for  components  may  be  ex- 
pected . 

From  a humidity  viewpoint,  current  commercial  systems  could 
provide  20%  to  80%  without  any  change,  and  could  likely  be  extended 
from  10%  to  90%  through  the  use  of  ceramic  integrated  circuit 
devices,  possible  change  of  some  resistors,  and  capacitors  to  higher 
ratings.  Further,  fungus  coating  may  be  necessary  for  portions  of 
the  system.  These  are  considered  to  be  relatively  modest  cost  modi- 
fications to  such  existing  commercial  systems.  However,  because  the 
relative  small  size  of  anticipated  military  procurements  for  small 
switching  systems,  we  doubt  if  commercial  suppliers  wouild  be  will- 
ing to  undertake  such  modifications  without  contractual  sponsorship 
of  these  modifications. 

The  shock  and  vibration  standards  for  use  in  a van-mounted 
environment,  assuming  that  the  system  is  not  operational  during  the 
time  when  the  van  is  moving,  appears  not  to  be  a significant  problem 
for  the  manufacturers  of  modern  commercial  electronic  switching 
systems.  Most  of  these  utilize  some  form  of  van  transportation  for 
delivery  to  their  customers,  and  little  difficulties  have  been  found 
in  such  shipments.  It  is  not  unlikely  that  the  shock  encountered  in 
such  shipment  may  be  at  least  equal  to  that  to  which  the  equipment 
would  be  subjected  in  a military  environment. 
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with  regards  to  operation  in  a heavy  electromagnetic  radiation 
field,  it  is  assumed  that  this  equipment  would  be  mounted  in  a van 
which  incorporated  Faraday  cage-type  protection  for  this  system. 
Hence,  we  assume  that  these  commercial  systems  would  be  fully 
capable  of  operating  within  this  environment. 

For  fungus  protection,  particularly  for  long-term  storage  in 
high  humidity  conditions,  it  appears  that  commercial  manufacturers 
could  utilize  a number  of  measures  which  would  not  be  excessively 
costly  to  reduce  the  vulnerability  of  their  systems  to  such  attack 
from  fungus.  Coating  of  the  printed  circuit  boards  with  anti-fungus 
material,  the  use  of  paint  which  is  not  easily  attacked  by  fungus, 
and  utilizing  connector  blocks  which  are  fungus  resistant  would  be 
the  major  measures.  We  assume  that  under  these  conditions,  ceramic- 
type  encapsulation  for  the  integrated  circuit  devices  would  be 
employed,  rather  than  plastic  encapsulation.  The  standard  coating 
would  probably  be  applied  not  only  to  the  PC  board,  but  to  the  com- 
ponents as  well  to  provide  fungus  resistance. 

We  were  not  able  to  obtain  information  on  the  effect  of  elec- 
tromagnetic radiation,  of  the  type  accompanying  a nuclear  event, 
on  this  class  of  equipment.  Therefore,  our  conclusions  are  based 
upon  usage  in  a benign  military  environment. 
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SUBSCRIBER  AND  SYSTEM  FEATURES 


Military  System  Features 

We  will  make  observations  below  as  to  the  ability  of  commercial 
switching  system  manufacturers  to  meet  military  subscriber  and 
system  feature  needs,  and  to  comment  upon  the  reasons  for  the  diffi- 
culty or  ease  which  these  may  be  achieved. 

Five  Levels  of  Precedence  Service 

Eight  systems  have  this  feature  currently  in  service,  according 
to  the  results  of  this  survey.  We  are  certain  that  at  least  Collins 
has  this  feature  fully  operational  on  their  system.  Seven  addi- 
tional systems  are  described  as  being  able  to  be  easily  incorporate 
this  feature  into  their  software. 

We  should  like  to  point  out  that  five  level  military  precedence 
is  subject  to  a wide  range  of  interpretations.  Typically,  those 
familiar  with  military  systems  include  the  ability  to  interrupt,  not 
only  calls  in  progress  for  a higher  priority  call,  but  also  to 
interrupt  the  call  set-up  or  call  knock-down  procedures,  in  order  to 
immediately  process  a high  precedence  call.  We  believe  only  a few 
systems  incorporate  this  latter  more  sophisticated  form  of  pre- 
cedence assignment.  However,  we  seriously  doubt  if  the  more  sophis- 
ticated version  of  precedence  assignment  is  required,  since  the 
typical  processor  time  required  for  the  set-up  or  knock-down  of  a 
call  is  in  the  range  of  20  to  30  milliseconds.  This  delay  would  not 
even  be  noticeable  to  the  high  precedence  caller. 

We  seriously  doubt  if  any  of  the  PABX  suppliers  of  commercial 
equipment  have  really  looked  seriously  at  the  problems  of  passing 
along,  in  the  signalling  sequence  to  other  offices,  the  precedence 
indicators,  or  of  decoding  the  incoming  signalling  to  also  receive 
precedence  indications.  Hence,  those  who  have  answered  affirma- 
tively to  the  provision  of  five  level  precedence  are  speaking 
primarily  of  providing  outgoing  access  to  the  trunk  line,  and  its 
use  internal  to  the  local  switching  system. 
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NORTHFPN  TELECOM  will  have  a partially  militarized  version  of 
their  SL-1.  It  is  rather  a version  with  enhanced  reliability.  It 
will  have  duplicated  busses  and  meirory  as  v;ell  as  certain  military 
software  features.  This  will  be  available  in  1979.  In  1978,  an 
AUTOVON  type  of  five-level  precedence  feature  will  be  available. 

Additional  r ugqed i z a t ion , as  well  as  mounting  in  a S 280 
enclosure  is  being  studied  at  present. 

Fixed  Directory  Translation  Table 

Only  NORTH  ELECTRIC,  COLLINS,  CIT-ALCATEL,  DANPAY  and  GTE  indi- 
cate that  this  feature  is  currently  in  service.  Six  additional 
systems  are  indicated  to  permit  easy  implementation  of  this  feature. 

In  general,  in  a stored  program,  system,  the  assignment  of  any 
line  termination  with  a specific  identifying  called  number  can 
easily  and  rapidly  be  made  at  the  maintenance  console. 

Conferencing 

We  should  first  like  to  point  out  that,  in  all  of  the  current 
commercial  switching  system.s,  conferencing  can  only  be  accomplished 
with  subscribers  utilizing  the  same  form  of  transmission.  The 
greatest  difficulty  would  arise  in  attempting  to  conference  a 
CVSD  subscriber  with  another  CVSD  subscriber,  or  with  a PCM  sub- 
scriber or  an  analog  subscriber.  A special  conferencing  bridge 
would  bo  required  to  permit  this.  We  understand  from  our  discuss- 
ions v/ith  the  Rome  Air  Developm.ent  Center  that  such  conference 
bridges  do  not  exist  in  the  United  States  for  CVSD  to  any  other 
subscribers,  regardless  of  transmission  technlogy. 

For  progressive  conferencing,  nine  systems  are  indicated  to 
have  this  feature  available  or  in  service.  This  feature  m.ay  be 
easily  included  in  an  additional  five  systems. 

Preprogram  conferencing  can  be  provided  as  a standard  feature 
available  or  in  service  with  six  systems.  An  additional  ten  systems 
are  indicated  to  have  this  feature  easily  incorporated. 

One-way  broadcast  conferencing  is  indicated  to  be  available  or 
in  service  in  three  systems,  but  is  indicated  to  be  easily  incor- 
porated in  an  additional  thirteen  systems. 
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Firstly,  key  conversion  is  significant  only  if  digital  signals 
can  be  transmitted  at  an  appropriate  speed.  We  interpret  this 
feature  to  provide  a means  by  which  two  subscribers  with  different 
encrypting  schem.es  can  be  permitted  to  hold  a conversation,  or  an 
encrypted  subscriber  with  an  unencrypted  subscriber  (digital),  or  an 
encrypted  with  an  analog  subscriber.  Only  one  of  the  manufacturers 
indicated  that  a feature  of  this  nature  is  either  in  service  or 
available.  Only  three  manufacturers  indicated  that  this  feature 
might  be  easiliy  included.  All  other  suppliers  indicated  that  it 
would  be  difficult  to  include. 


Direct-Access  Service 

This  feature  is  interpreted  to  be  essentially  a nondial  "hot- 
line" service  for  specific  subscribers.  Twelve  systems  are  indi- 
cated to  have  this  feature  available  or  in  service,  and  an  addi- 
tional seven  systems  have  indicated  that  this  feature  could  easily 
be  included. 

Up  to  100  Class-of-Scrvice  .Marks 

Thirteen  systems  are  indicated  to  have  this  capability  either 
available,  or  in  service.  One  system  is  indicated  to  have  this 
feature  easily  included.  Typically,  systems  either  incorporate  64 
or  128  class  of  service  marks,  roughly.  Some  sm.aller  systems  only 
have  24.  It  is  quite  difficult  to  extend  the  number  of  class-of- 
service  markings,  since  typically  this  is  closely  tied  to  the  word 
size  of  the  processor  employed. 


Zone  Restrictions 

We  interpret  this  feature  to  be  something  similar  to  toll 
restrictions,  and  that  calls  can  only  ^e  m.ade  to  specific  outgoing 
trunks  identified  to  the  system. 


Basically  this  bars  area  code  access  by  subscribers.  Sixteen 
systems  are  indicated  to  have  this  feature  in  service  or  available. 
An  additional  two  systems  are  indicated  to  have  this  feature  easily 
incorporated.  Only  the  DIMENSION  system  is  indicated  to  be  diffi- 
cult to  incorporate  this  feature. 
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Circuit  Switching  of  Data 


On  the  solid  state  analog  r.atrix  technology  switches,  this 
feature  would  only  require  a different  subscriber  line  interface  to 
permit  data  to  be  passed  in  this  nature.  Any  data  rate  in  any  for- 
mat up  through  64  kilobits  per  second  could  easily  be  passed  through 
this  type  of  sv’itching  matrix.  T&N,  with  its  PAM  svjitching  matrix 
indicates  that  this  could  be  easily  accomplished  for  data  speeds  up 
to  64  kilobits  per  second.  On  the  other  hand,  the  DIMENSION  PBX 
indicates  that  this  would  bo  difficult  to  accomplish.  PCM  matrix 
systems  typically  can  accept  a maximum  of  64  kilobits  per  second,  or 
lov/er  speeds,  utilizing  bit-stuffing  techniques.  It  would  appear 
that  the  pulse  width  modulation  systems  can  also  pass  data  up  to  64 
kilobits,  at  least  for  DANRAY  system.  CHESTEL  indicates  that  it  is 
easily  included  in  their  PWM  system. 

This  feature  is  available  or  in  service  on  ten  systems,  and  is 
easily  incorporated  in  an  additional  three  systems. 


Num.berinq  Plan 

This  feature  is  available  or  in  service  in  16  systems.  It  is 
easy  to  include  in  one  additional  system,  and  difficult  to  include 
on  one  small  PABX  system  from  GTE. 

With  regard  to  the  maxim, urn  number  of  digits  handled  in  the 
dialing  sequence  for  the  system,  there  is  a major  difference  here 
between  PABX  systems  and  central  office  systems.  Typically,  PABX 
systems  provide  either  three,  four,  or  five  digits  of  subscriber- 
dialed  number  decoding.  On  the  other  hand,  central  office  systems 
typically  provide  decoding  for  13  to  16  digits.  We  believe,  how- 
ever, that  it  would  be  relatively  easy  for  PABX  systems  to  accept  a 
larger  number  of  incoming  digits,  and  to  use  a table  look-up 
technique  to  convert  this  to  the  appropriate  internal  dial  code  for 
its  internal  subscribers. 

On  the  outgoing  side,  clearly  the  PABX  subscriber  can  dial  any 
number  of  digits. 
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. . . i 

Alternative  Autometic  Pouting  Options 


The  range  of  capabilities  here  is  from  one  to  an  unlimited 
amount.  Only  the  small  GTE  GTD-120  PABX  system  has  one  alternative 
routing  capability,  whereas  the  typical  system  has  a maximum  of  4 to 
5 alternate  routings.  Typically,  the  alternate  routing  capability 
is  under  software  control,  limited  only  by  the  number  of  trunk 
groups.  It  could  he  easily  extended  to  included  whatever  amount  of 
memory  the  military  customer  wished  to  devote  to  such  alternative 
routing  schem.es. 

2 . Commercial  Subscriber  Features 

Most  of  the  PABX  systems  menu f actur ered  in  North  America  incor- 
porate nearly  all  of  the  standard  PABX  features  included  in  our  sur- 
vey, with  the  exception  of  malicious  call  handling,  emergency 
number,  and  do  not  disturb.  The  smaller  FABX's  typically  do  not 
include  automatic  identification  of  outward  dialing,  and  direct 
inward  dialing.  The  very  small  units  typically  also  do  not  include 
the  various  forms  of  call  forwarding,  call  diversion,  etc. 

3 . System  Features 

International  Direct  Dial 

This  capability  is  available  in  all  systems  with  the  exception 
of  two  PAEX's  and  COLLINS. 

Autom.atic  Number  Identification 

This  capability  is  available  or  in  service  in  fourteen  systems, 
and  is  not  available  with  the  remaining  systems.  Typically  the 
smaller  PABX  system.s  do  not  include  ANI,  but  all  larger  systems  do. 

Individual  Toll  Ticketing 

This  system  feature  is  available  with  twelve  of  the  switching 
systems . 

Automatic  Message  Accounting 

This  feature  is  in  service  or  available  with  fifteen  switching 
systems  in  this  survey,  all  of  which  allow  a fully  assembled  format 
for  the  message  accounting  data.  Twelve  systems  allow  this  infor- 
mation to  be  transmitted  to  a remote  location  via  data  link. 
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Test,  Diagnosis,  ond  Traffic  Statistics 

Mode  of  Coinmunications  for  Reportinq  and  Remote 


A dedicated  channel  is  utilized  for  these  purposes  in  fifteen 
of  the  systems  surveyed.  The  use  of  a common  channel  interoffice 
signalling  approach  is  available  in  only  four  systems.  Sixteen 
systems  utilize  the  transmission  of  this  information  in  digital  form 
utilizing  a modem,  and  a standard  voice  channel  between  the  local 
central  office,  and  the  centralized  maintenance  location. 

Automatic  Fault  Detection  and  Automatic 

Fault  Isolation 

All  systems  but  the  smallest  PBX ' s have  automatic  fault  detec- 
tion. All  but  two  small  PABX  systems  also  have  automatic  fault 
isolation  on  a local  basis.  Most  of  the  system.s  provide  for  the  re- 
moting  of  fault  detection  and  fault  isolation  capabilities,  and  we 
believe  that  those  that  do  not  indicate  that  they  have  this  capa- 
bility could  easily  incorporate  this  if  desired. 

Automatic  Subscriber  Loop  and  Trunk  Testing 

Most  of  the  central  office  systems  include  both  of  these  capa- 
bilities, but  PABX  systems  typically  do  not  include  these 
capability. 


Changes  of  Parameters  and  Program 


All  systems  permit  the  local  change  of  both  program  and  central 
office  parameters.  This  is  also  true  for  the  remote  change  of  pro- 
gram and  system  parameters,  with  the  exception  of  the  small  PABX 
systems  from  GTE  and  T&N. 


Local  Test  Desk 

All  manufacturers  claim  to  have  this  feature  available  in  their 
system  with  the  exception  of  the  DIMENSION,  the  SIEMENS  PABX,  and 
the  small  GTE  PABX.  We  assume  that  for  the  small  PABX's  that  a 
portable  test  kit  is  provided  to  the  maintenance  person  which  is 
carried  from  site  to  site. 
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5 . Traffic  Supervision 

100%  Traffic  Analysis 

This  capability  is  available  in  18  systeirs.  It  is  not  available 
in  the  small  GTE  PABX.  A substantial  fraction  of  these  can  report 
this  information  remotely. 

Full-Time  Gr ade-of-Serv ice  Monitoring 

This  capability  is  available  only  on  nine  of  the  larger  systems, 
specifically  those  from  NORTH  ELECTRIC,  GTE,  and  STKOMBERG-CARLSON . j 

We  would  anticipate  that  it  would  also  be  available  on  the  NORTHERN  ! 

TELECOM  systems  in  the  reasonably  near  future.  | 

I 
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C.  ACHIEVING  HIGH  AVAILABILITY 


Chapter  VII  of  this  report  provides  substantial  detail  on 
achieving  high  availability.  This  section  represents  only  the  key 
conclusions  reached  in  that  chapter. 

It  should  first  be  noted  that  almost  all  of  the  systems  covered 
in  this  survey  are  hiahly  connector ized,  and  that  major  components 
can  be  changed  quickly  and  have  the  quick-connect  plugs.  This  means 
that  although  the  system  itself  may  not  provide  for  redundant 
modules,  for  military  applications  it  may  be  practical  to  simply 
replace  major  modules  should  they  fail.  This  implies  that  the 
system  utilized  may  have  a sufficiently  extensive  fault  diagnosis 
and  fault  isolation  to  permit  such  major  modules  to  be  replaced,  in 
addition  to  the  isolation  down  to  the  circuit  board  level. 

Typically  in  PCM  systems,  the  complex  subscriber  line  inter- 
face cards  are  also  easily  diagnosed,  and  easily  traded  out  when 
faulty.  Assuming  that  the  van-mounted  switching  system  for  military 
applications  is  attended,  the  average  repair  time  for  significant 
faults  of  this  nature  is  likely  to  be  extremely  low,  measured  in 
minutes  from  the  time  the  failure  occurs. 

The  next  major  point  which  we  would  like  to  reiterate  is  that 
software  failures  are  the  principal  source  of  failures  in  most 
central  office  switching  systems  today.  There  appears  to  be  no 
practical  way  of  ensuring  software  reliability  except  for  extensive 
in-service  operation  of  the  system.  In  this  context,  the  use  of 
commercially  proven  switching  equipment  can  provide  major  advantages 
to  the  military  in  getting  modern  equipment  to  the  field  quickly, 
and  at  a cost  significantly  lower  than  through  its  own  internal 
developments.  Software  costs  typically  run  60  to  80%  of  total 
development  costs.  On  a continuing  procurement  basis,  the  price 
associated  with  the  allocation  of  software  development  and  continu- 
ing software  maintenance  could  well  run  in  the  30  to  40%  range  of 
total  purchase  price. 

The  following  conclusions  are  provided  on  other  aspects  of 
achieving  high  availability  in  electronic  switching  systems  for 
telephone  applications  in  quasi-military  environments: 
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o Ceramic  encapsulated  components  should  likely  be 
employed . 

o Antifunqus  coatinq  should  likely  be  applied  to 
circuit  boards  and  their  components,  and  funous 
resistant  connectors  should  be  employed. 

o Commercial  system.s  provide  several  adequate  means 
for  providing  redundant  common  controls,  with  no 
clear  preference  as  to  the  actual  system  archi- 
tecture which  will  be  most  effective  for  military 
appl ications. 

o Duplicated  memory  busses  should  likely  be  provid- 
ed within  the  common  control  subsystem. 

o Depending  upon  the  choice  of  matrix  technologies, 
partial  duplication  of  matrix  sections  or  split- 
ting of  the  matrix  into  several  dependent  sub- 
systems would  appear  to  provide  adequate  means  of 
ensuring  that  high  priority  traffic  can  always  be 
carried  within  the  military  switch. 

o Line  circuits  for  PCM  systems  are  very  complex, 
and  likely  will  require  sizeable  spares,  but  v/ill 
likely  constitute  the  major  source  of  software 
failures  in  small  TDM  switches.  However,  failure 
will  typically  only  affect  one  subscriber. 

o The  use  of  AC  asynchronous  motors,  or  the  use  of 
DC  brushless  motors  in  small  quantities  will 
likely  be  fully  acceptable  to  provide  heat  dis- 
sipation within  the  comm.on  control  section  of 
all  of  these  systems,  without  sacrificing  relia- 
bility. However,  additional  blowers  for  removing 
hot  air  from  the  van,  or  air  conditioning  will  be 
required . 

o For  external  power  supply  failure  possibilities, 
we  would  recomm.end  that  the  systems  be  provided 
either  with  battery  reserve  power,  or  uninter- 
ruptable  power  supply.  In  addition,  the  internal 
power  supply  to  provide  low  voltaoe  to  the  elec- 
tronic components  should  be  duplicated.  Most 
systems  provide  this  capability. 

o Software  errors  are  likely  to  constitute  the 

major  source  of  low  availability  of  such  systems, 
and  the  only  means  of  counteracting  this  is  to 
provide  extensive  in-service  operation  prior  to 
deployment  of  such  systems  in  sizeable  quanti- 
ties. 


129 


D.  MULTIPLF  PATA  SPEPPS 

The  follov.ing  conclusions  have  been  reached  regarding  the 
ability  of  these  conmercial  systems  to  cope  v;ith  the  need  for 
multiple  data  speeds  for  military  applications: 

o Post  PCM  systems  are  capable  of  accepting  data 
bit  streams  of  up  to  kilobits  per  second, 
hut  this  reniiires  a special  line  interface  unit 
which  is  not  available  on  most  systems  at  this 
time.  These  systems  are  capable  of  dealing  with 
almost  any  speed  up-  to  kilobits  per  second, 
but  if  they  do  not  have  a common  denominator  with 
64  kilobits  per  second,  they  may  require  an 
extensive  line  interface  involving  buffering. 

Such  line  interface  has  not  been  developed,  but 
once  developed,  the  cost  should  not  be  excessive. 

An  alternate  approach  is  to  use  bit  stuffing 
techniques,  which  will  be  necessary  in  all  cases 
of  speeds  lower  than  64  kilobits,  which  also 
increases  the  cost  of  the  line  interface  for 
handling  digital  data. 

o Solid  state  analog  space  division  switches  are 
capable  of  handling  any  data  speed  up  through  64 
kilobits  per  second,  v/i  th  only  a modest  redesign 
of  the  subscriber  line  interface. 

o For  PAM-based  systems,  typically  the  bandwidth 
would  be  adequate  to  handle  64  kilobits  per 
second  on  any  channel.  However,  in  the  case  of 
the  dimension  PABX,  apparently  provisions  have 
not  been  made  for  handling  data  in  any  form  other 
than  through  an  analog  modem.  In  the  case  of  the 
TSN  6030,  it  appears  that  they  can  handle  64 
kilobits  per  second  by  inserting  an  eight  bit 
into  a normal  PAM  sample  slot.  The  same  consi- 
deration on  line  interface  units  would  exist  for 
this  system,  as  for  the  PCM  systems  outlined 
above . 

o Pulse  width  modulation  systems  also  vary  signifi- 
cantly in  their  digital  traffic  handling  capa- 
bilities. The  DANRAY  switch  is  transparent  for 
any  digital  hit  stream  of  up  to  at  least  64  kilo- 
bits per  second  in  any  format.  CHESTED  indicates 
that  such  data  speeds  could  easily  be  handled, 
but  are  not  currently  engineered  into 
their  system. 
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We  would  anticipate,  however,  that  the  line  interface  card  for 
a PCM  system  or  modified  PAM  system  as  described  above,  would  be 
simpler  than  the  analoq  subscriber  line  interface  card.  Many  of  the 
components  currently  exist,  but  to  our  knowledqe  they  have  not  been 
put  toqether  in  a form  to  be  able  to  accept  from  0 to  64  kilobits 
per  second  in  a synchronous  and/or  asynchronous  mode. 
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E.  COMPATIBILITY  OF  PCM  SWITCHES  WITH  DATA  AND  CVSD 

V'Je  should  like  to  subp.it  the  following  observations  on  this 
topic: 

o COLLINS  has  developed  an  interface  sv'stem  to 
their  DTS  PCM  switch,  which  in  a manner  similar 
to  a channel  bank,  allows  the  interface  of  single 
PCM  encoded  voice  lines  with  the  switch.  This 
equipment  is  meant  to  support  digital  PCM  tele- 
phones, of  v/hich  thov  have  a prototype.  Trans- 
mission is  by  64  Kbps  digital  signal,  embedded 
in  a 72  Kbps  bit  stream,  allowing  for  framinn, 
etc.  Line  mode  is  diphase.  Replacing  a digital 
card  with  a special  analog  card  in  this  interface 
converts  the  port  for  an  analog  telephone. 

Status:  interface  is  fully  designed,  will  accept 

order  if  volume  is  right. 

o COLLINS  is  designing  CVSD  compatibility  for  the 
same  switch,  for  an  unnamed  customer. 

Status;  not  ready  yet. 

o NORTH  ELECTRIC  has  designed  a combination  of  the 
common  control  of  their  DSS-1  PCM  sv/itch  with  a 
solid  state  space  division  sv/itching  network  for 
use  in  the  NATO  IVSN  system.  Contract  is  awarded. 

This  matrix  may  be  used  together  with  the  PCM 
matrix  on  the  same  common  control. 

o NORTH  has  the  intention  to  supplement  the  IVSN 
switch  with  a digital  CVSD  matrix  later.  VJe  were 
told  that  a mix  of  all  three  technologies  could 
be  supported  on  the  same  common  control. 

Status ; not  ready,  schedule  not  clear. 

o TRW  VIDAR  claims  their  ITS  system  (PCM)  is  easily 
adapted  to  support  circuit  s^^ritching  of  data  at 
64  Kbps.  It  is  not  completely  clear  v/hethcr  they 
have  an  interface  available  for  this  purpose  or 
will  design  one.  However,  it  appears  that  their 
D2  data  terminal,  which  interfaces  v;ith  Tl  lines, 
can  either  be  used  or  easily  adapted  for  this 
purpose . 
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MAJOR  PROBLEM  ARFAR  IDEMTIFim 


In  general,  wc  should  like  to  make  the  following  observations 
as  to  v;here  the  major  problem  areas  may  exist  in  attempting  to 
accept  or  modify  commercial  telephone  switching  equipment  to  meet 
minimum  military  standards: 

o The  cost  and  delay  in  obtaining  proven  hardv^are 
for  military  system  and  subscriber  features  may 
be  extensive. 

o Tlie  problems  associated  v;ith  conferencing  CVSD 
subscribers  with  any  otlier  subscribers  and/or 
CVRD  subscribers  is  a major  hurdle  in  any  system, 
including  existing  military  systems. 

o The  clear  direction  in  public  central  office 
switching  is  tov;ard  PCM,  \;hereas  there  is  an 
apparent  trend  in  small  PAPX  systems  toward  the 
use  of  solid  state  analog.  I’AM  systems  appear  to 
be  servino  the  medium  and  laroe-scale  PAPX 
systems  well.  These  directions  appear  to  be 
moving  opposite  to  many  of  the  decisions  which 
have  been  m.adc  concerning  the  military  con.nuni- 
cation  networks,  which  v’ill  lead  to  significant 
compatabi 1 i ty  and  reconstitution  problems  utili- 
zing commercial  components  and/or  commercial  net- 
works. 


IV 


TECHNICAL  PROBLETIS  IN  DESIGNING  A DIGITAL 
SWITCH  rOR  LOCAL  OFFICES  AND  SOLUTION  APPROACHES 

The  designer  of  a time  division  multiplexed  PCM  switch 
(especially  for  the  local  environment)  encounters  a series  of 
new  and  specific  technical  problems.  They  are  new  insofar  as 
they  do  not  occur  in  an  electromechanical  space-division 
switching  network.  The  ultimate  success  of  a newly  designed 
PCM  switch  literally  depends  on  the  ability  of  the  design  team 
to  find  solutions--which  are  botli  technically  sound  and  cost- 
ef f cctive--to  each  of  these  problems. 

These  technical  problems  are  summarized  within  the 
acronym,  "BORSCHT,"  which  stands  for: 

o Battery  feed 
o Overvoltage  protection 
o Ringing 

o Synchronization  (or  Supervision) 
o CODEC 
o Hybrid 
o Test  access 

A.  INTRODUCTION 

In  order  to  understand  the  importance  of  the  "BORSCHT" 
problems,  we  have  to  review  the  basic  differences  between  a 
conventional  electromechanical  space  division  switch  and  a time 
division  multiplex  PCM  switch.  Figure  IV-1  and  IV-2  are 
simplified  block  diagrams  of  these  switches.  The  electro- 
mechanical office.  Figure  IV-1,  establishes  a metallic  path 
between  two  subscribers  on  an  inter-office  or  local  call.  This 
configuration  permits  the  application  of  battery  feed  and  ring- 
ing, and  performs  certain  supervisory  functions  at  the  junctor 
portion  of  the  switch.  The  quantity  of  equipment  necessary  to 
perform  these  functions  is  equal  to  the  number  of  junctors , and 
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Figure  IV- 1 

Block  Diagram  of  Space 
Division  Multiplex  Switch 
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SC;  Subscriber  Circuits 
MX:  PCM  Multiplexing  Circuit 

DMX;  PCM  De-multiplexing  Circuit 
I:  Input  Port  of  Switching  Network 

0:  Output  Port  of  Switching  Network 


therefore,  about  an  order  of  magnitude  smaller  than  the  number 
of  subscribers. 

Test  access  to  the  subscriber  .''ines  is  also  established  in 
an  electromechanical  system  by  using  the  sv/itching  matrix  to 
make  a metallic  connection  between  the  particular  subscriber 
line  and  a special  test  trunk.  Only  a very  small  number  of 
test  trunks  is  sufficient  for  this  purpose.  There  are  some 
functions  in  such  a system  which  have  to  be  performed  on  each 
individual  subscriber  line,  particularly  the  detection  of  a 
subscriber  who  goes  off-hook.  {iowever,  relatively  inexpensive 
equipment  can  perform  this  function. 

In  a typical  time  division  multiplexed  PCM  system.  Figure 
IV-2,  no  metallic  path  is  established  to  the  switching  network. 
Instead,  each  subscriber  line  is  interfaced  with  the  switching 
network  to  a special  subscriber  circuit.  This  circuit  performs 
the  follow  functions: 


o Separates  the  audio  signals  from  the  D.C. 
signals  of  the  subscriber  line. 

o Converts  from  two-wire  to  four-wire  (all 
time  division  multiplexed  PCM  switching 
systems  are  of  the  four-wire  type). 

o Converts  the  audio  signals  going  towards 
the  switching  network  into  pulse  code 
modulation,  using  the  proper  conversion 
and  companding  algorithm. 

o Converts  the  PCM  signals  arriving  from 

the  switching  network  into  analog  signals, 
using  the  proper  conversion  and  companding 
algorithm. 


Those  circuit  functions  therefore  eliminate  the  possi- 
bility in  such  a system  to  apply  battery  feed  and  ringing  to 
the  switching  network.  This  must  be  done  at  the  subscriber 
circuit  on  a per  subscriber  basis.  Also  most  supervisory 
functions,  not  only  detection  of  the  off-hook  condition,  have 
to  be  performed  at  the  subscriber  circuit  level.  This  includes 
the  on-hook/off-hook  condition,  as  well  as  detection  of  dial 
pulses.  Only  touch  tone  dial  signals  from  a subscriber  may  be 
sent  through  the  switching  network,  after  being  encoded  in  PCM, 

and  then  detected  in  the  touch  tone  receiver. 
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Proper  maintenance  of  a local  switch  requires  testing  of 
the  subscriber  lines.  Metallic  test  access  in  an  electro- 
mechanical system  is  not  possible  in  a PCM  switching  network. 
The  only  way  to  provide  such  test  access  is  through  metallic 
contacts  at  the  subscriber  circuit  level.  This  requires  addi- 
tional relays  to  provide  such  access. 


Overyoltage  protection  is  a very  important  feature  in  any 
telephone  switching  system.  Traditional  methods  have  been 
developed  to  deal  with  overvoltages  in  electromechanical 
offices.  Electronic  components,  however,  as  used  in  PCM  sub- 
scriber circuits,  are  inherently  more  sensitive  to  even  slight 
overvoltages  compared  with  relays  and  other  electromechanical 
components.  Therefore,  special  design  efforts  are  required  in 
PCM  subscriber  circuits  to  deal  with  this  problem. 

VJe  may  conclude  that  for  the  sake  of  the  acronym 
"BORSCHT,"  three  classes  of  problems  have  been  lumped  together: 


o CODEC  and  hybrid  are  genuine  PCM  system 
components  not  found  in  any  other  type 
of  technology. 

o Battery  feed,  ringing,  supervision  and 
test  access,  because  of  the  particular 
nature  of  a PCM  switch,  have  to  be  per- 
formed in  new  and  unusual  ways. 

o Overvoltage  protection  becomes  more 
critical  than  it  is  in  conventional 
electromechanical  switches.  This  is 
due  to  the  problems  arising  from  inter- 
facing electronic  components  with  sub- 
scriber lines. 


From  the  above  brief  discussion,  it  can  be  seen  that  all 
of  these  problems  influence  the  design  of  the  subscriber  line 
circuit  of  the  local  time  division  multiplex  PCM  switch.  It 
has  been  shown  over  and  over  that  the  state-of-the-art  of 
electronic  engineering  permits  a solution  to  all  of  these 
problems.  The  difficulty,  however,  lies  in  whether  a cost- 
effective  solution  can  be  found,  i.e.,  a solution  that  meets 
all  the  necessary  quality  criteria  at  an  acceptable  cost.  In 
order  to  emphasize  this  point,  we  only  have  to  remind  the 
reader  that  in  a typical  PCM  local  office,  some  70%  of  the 
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hardware  component  cost  is  required  for  the  subscriber  line 
interface  circuits.  Any  cost-saving  design  improvements  in  the 
individual  subscriber  line  circuits  will  be  of  the  greatest 
significance,  because  they  can  be  multiplied  by  the  number  of 
subscriber  lines  served  by  the  switch. 

1 . Subscriber  Lines  Versus  Related  Problems 

So  far,  we  have  only  addressed  the  subscriber  lines  on  a 
local  switch.  This  is  indeed  the  main  area  of  impact  of  the 
"BORSCHT"  range  of  design  problems.  However,  related  problems 
occur  when  analog  trunks  interface  with  other  local  switches, 
and  the  toll  or  tandem  switch.  (tJo  such  problem  exists  when 
digital  trunks  are  interfaced  with  either  a local  or  a tandem 
switch.)  In  many  cases,  a number  of  individual  analog  trunks 
are  interfaced  with  a time  division  multiplexed  PCM  port  on  the 
switching  network,  using  standard  transmission  equipment 
'.channel  banks),  available  off-the-shelf  from  many  manufac- 
turers. On  some  local  switches,  however,  special  individual 
trunk  interface  circuit  cards  are  used.  They  differ  from  the 
subscriber  line  circuits,  not  so  much  in  the  conversion  between 
analog  and  digital  format,  but  mainly  in  the  type  of  super- 
vision which  is  being  performed. 

The  number  of  trunks  on  a local  switch,  however,  is 
roughly  an  order  of  magnitude  smaller  than  the  number  of  sub- 
scriber lines.  Further,  a trunk  carries  a much  higher  average 
traffic  than  a subscriber  line.  Therefore,  the  cost  of  such 
trunk  circuits  does  not  influence  the  cost  of  the  total  switch 
to  the  same  degree  as  the  subscriber  line  circuits.  This  of 
course  means  less  pressure  on  the  circuit  designer  to  arrive  at 
the  least  expensive  solution.  It  may  possibly  allow  a compro- 
mise towards  more  reliable,  high  performance  circuits  without 
noticeable  cost  increases  for  the  whole  system.  For  those  and 
other  reasons,  we  will  concern  ourselves  in  this  report  primar- 
ily with  the  subscriber  line  circuits. 
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2. 


Discussion  of  BORSCHT  Problem  Solutions 


In  order  to  report  on  the  various  existing  design 
approaches  to  PCM  subscriber  circuits,  we  interviewed  seven 
j American  telephone  equipment  manufacturers,  who  either  are 

offering  PCM  systems,  have  announced  such  systems,  or  are 
expected  to  announce  such  systems  shortly.  In  this  article 
mentioned  in  later  sections,  we  will  identify  these  seven  manu- 
‘ facturers  only  by  the  letters  "A"  through  "G." 

We  further  conducted  interviews  with  various  component 

manufacturers,  particularly  semiconductor  houses.  VJe  will 

j refer  to  the  component  designs  resulting  from  these  interviews 

I 

when  discussing  the  individual  problems  to  which  they  apply. 

* Finally,  in  a later  section,  we  will  report  the  results  of 

j interviews  with  some  European  telephone  manufacturers  in  order 

i to  illustrate  the  slightly  different  opinions  and  application 

philosophies  in  Europe  which  has  led  to  different  subscriber 
circuit  design  concepts.  In  the  final  chapter,  we  will  present 
6 an  outlook  on  the  direction  in  which  the  state-of-the-art  will 

likely  develop  within  the  next  five  years  or  more. 

r 

I 3 . Design  Considerations  for  Subscriber  Line  Circuits 

No  comprehensive  set  of  specifications  for  time  division 
multiplexed  PCM  switches  are  in  existence  as  of  yet.  The  CCITT 
I is  working  on  such  a set  of  specifications;  however,  the 

general  consensus  seems  to  be  that  this  is  a slow  and  tedious 
process  which  would  not  be  completed  in  time  to  guide  the 
development  of  the  present  generation  of  PCM  switches.  On  the 
other  hand,  certain  telephone  administrations  apparently  have 
developed  specifications,  sometimes  tentative,  which  describes 
what  they  expect  to  buy  in  the  future.  In  the  case  of  AT&T 
such  specifications  (at  least  in  preliminary  form)  exist,  and 
can  be  expected  not  only  to  influence  what  Western  Electric 
will  manufacture  and  what  the  Dell  operating  companies  will 
install,  but  also  the  mechanism  of  the  domestic  marketplace. 
It  will,  in  particular,  influence  the  recommendations  of  USITA 
and  hence,  the  design  concepts  of  independent  telephone  manu- 
facturers. 


I 
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U.S.  Considerations 


In  December,  1976  representatives  of  AT&T  explained  their 
proposed  standards  for  PCtI  switches  and  particularly  their 
ideas  for  a loss  plan  for  PCM  switches  and  networks  at  a meet- 
ing of  the  United  States  Independent  Telephone  Association 
(USITA).  Many  observers  of  this  meeting  were  obviously  sur- 
prised by  AT&T's  idea  to  move  tov/ards  a zero  db  loss  PCM 
network.  Although  the  zero  db  loss  goal  for  trunk  calls  is  not 
to  be  implemented  immediately,  the  plan  calls  for  zero  to  minus 
0.5  db  loss  on  all  intra-local  calls.  This  figure,  combined 
with  the  requirement  of  at  least  6 db  singing  margin  was  consi- 
dered to  be  of  considerable  influence  on  the  design  of  PCM  sub- 
scriber circuits. 

A second  source  of  specifications  for  PCM  switches  will  be 
the  Rural  Electrification  Agency  (REA),  which  is  part  of  the 
U.S.  Department  of  Agriculture.  These  specifications  are 
formulated  to  guide  REA  when  evaluating  loans  for  expansion  of 
rural  telephone  systems.  However,  they  are  expected  to  have  a 
more  far-reaching  effect  on  the  industry.  Since  they  are  not 
complete,  it  is  difficult  to  make  any  judgments  at  this  time. 

PTT  Considerations 

Several  foreign  PTT  administrations  have  with  their  own 
set  of  specifications  for  PCM  switches.  One  example,  in  parti- 
cular, is  France  where  the  government-owned  PTT  has,  through 
CNET  (their  research  and  development  institute),  developed  a 
set  of  specifications  as  well  as  prototypes  of  local  PCM 
switches . 

CNET  has  developed  two  essentially  different  approaches  to 
the  PCM  subscriber  circuit.  In  the  first  approach,  the  circuit 
shown  in  Figure  IV-4  is  connected  with  a subscriber  line  at  all 
times.  A digital  preconcentrator  stage  is  inserted  between  the 
PCM  output  and  the  main  switching  network.  A different 
approach  was  taken  in  the  design  of  most  of  the  existing 
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installations  of  the  French  E-10  PCM  switch.  Here,  a small 
reed  relay  matrix  serves  as  a space  division  concentrator 
between  512  subscriber  lines  and  60  PCM  subscriber  circuits 
similar  to  those  shown  in  Figure  IV-3.  VJe  believe  that  this 
approach  was  selected  because  of  the  state-of-the-art  at  the 
time  the  E-10  was  developed.  (The  E-10  has  been  in  service  for 
many  years  and  was  the  first  time  division  multiplex  PCM  system 
to  go  into  commercial  service. ) We  received  indications  that 
the  subscriber  line  interfaces  in  all  existing  E-10  systems 
will  be  replaced  with  a new  circuit  design  similar  to  the 
general  outline  shown  in  Figure  IV-4.  Although  other  foreign 
PTT  administrations  also  seem  to  favor  the  idea  of  electro- 
mechanical preconcentrators,  we  have  not  encountered  any 
American  manufacturers  who  favor  this  concept.  In  the  follow- 
ing sections  we  will  limit  ourselves  to  discussions  of  sub- 
scriber line  circuits  without  electromechanical  preconcen- 
trators. 

B.  CODEC 

The  word  CODEC  is  derived  from  Coder/Decoder  and  is 
generally  used  for  the  circuit  element  which  performs  the 
analog  to  digital  as  well  as  the  digital  to  analog  conversion. 
This  also  usually  includes  the  compression/expansion  which  is 
required  by  the  applicable  conversion  standard.  (There  are  two 
generally  accepted  conversion  standards,  the  North  American  and 
the  European  standard.) 

Two  filters  are  required  with  the  CODEC  for  proper  opera- 
tion. On  the  analog  input  side,  a transmit  filter  is  necessary 
to  limit  the  pass  band  of  the  analog  signal  in  accordance  with 
certain  specifications  derived  from  sampling  theory.  On  the 
analog  output  side,  a second  low  pass  filter  is  required  to 
smooth  out  the  staircasel il<e  output  wave  form  of  the  digital  to 
analog  conversion.  Technically,  these  two  filters  constitute 
an  essential  part  of  the  CODEC.  In  present  day  common  usage, 
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however,  the  word  CODCC  usually  refers  only  to  the  part  of  the 
circuit  which  does  not  include  the  filters.  We  will  discuss 
the  filters  in  a later  section. 

1 . Time-Shared  CODEC  versus  CODEC- Per-Line 

There  are  several  ways  to  implement  the  function  of  a 
CODCC.  Standard  integrated  circuits  of  the  more  common  logic 
families  allow  the  implementation  of  a reasonably  fast  CODEC 
which  is  relatively  complicated.  On  the  other  hand,  they  are 
fast  enough  to  be  time  shared  by  24  or  >ore  subscriber  lines. 
Figure  IV-3  shows  such  an  implementation  of  the  time-shared 
CODEC.  Sampling  gates  sample  the  amplitude  of  each  subscriber 
line  8,000  times  per  second,  which  amounts  to  192,000  samples 
per  second  for  24  subscriber  lines.  The  resulting  pulse  ampli- 
tude modulation  ( PAfi ) pulse  stream  is  then  fed  to  the  CODEC. 
The  CODEC  converts  each  individual  sample  into  an  8-bit 
parallel  output  word.  In  the  other  direction,  the  CODEC 
accepts  8-bit  parallel  digital  words,  converts  each  one  into 
the  proper  pulse  amplitude,  which  is  then  converted  to  analog 
and  fed  through  to  gates  to  the  proper  subscriber  line. 

Figure  IV-4  shows  the  other  type  of  arrangement — where 
each  subscriber  line  has  its  own  CODEC.  The  transmit  portion 
samples  the  filtered  audio  wave  form  8,000  times  per  second  and 
converts  each  sample  to  the  appropriate  digital  word.  The 
receiver  portion  converts  8,000  bit  digital  words  per  second 
back  into  analog  voltages.  The  receive  filter  smoothes  the 
resulting  staircase  wave  to  the  best  possible  approximation  of 
the  originally  encoded  audio  signal. 

Advantages  and  Disadvantages 

There  are  advantages  and  disadvantages  to  both  approaches. 
While  the  "CODEC  per  line"  approach  requires  only  processing  of 

8.000  samples  per  second  and  per  direction,  the  time-shared 
CODEC  has  to  be  fast  enough  to  process  24  times  8,000,  equal  to 

192.000  samples  per  second.  In  the  past,  most  CODEC's  have 
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been  built  from  off-the-shelf  integrated  circuits,  TTL  techno- 
logy, for  the  digital  portion  and  conventional  analog  circuits 
for  the  remainder.  Such  technology,  if  properly  applied, 
usually  allows  for  operation  at  the  speed  required  for  the 
time-shared  arrangement.  Because  of  the  complexity  of  the 
circuits,  this  type  of  CODEC  is  much  too  expensive  to  be  used 
in  the  second  approach  (one  CODEC  per  line).  Substitution  of 
custom-made  integrated  circuits  for  some  of  the  functions  will 
help  to  reduce  the  price  somewhat,  but  not  by  a factor  of  24, 
which  is  required  to  make  a one-CODEC-per-1 ine  economically 
feasible . 

Several  semiconductor  manufacturers,  as  well  as  some  of 
the  telephone  equipment  manufacturers,  are  currently  developing 
monolithic  CODEC's.  Some  of  these  planned  products  will 
consist  of  one  single  chip  which  performs  both  the  encoding  and 
the  decoding  function.  Others  will  have  a chip  set,  usually 
consisting  of  two  chips.  Most  of  the  large  semiconductor 
houses  have  either  announced  such  monolithic  CODEC's  or  are 
known  to  be  designing  such  products. 

It  is  our  estimate  that  a time-shared  CODEC,  built  with 
current  state-of-the-art  components,  can  be  manufactured  for 
about  $120,  or  $5  per  subscriber  line.  This  cost  includes  the 
printed  circuit  (PC)  board  but  excludes  the  necessary  filters. 
A monolithic  chip  or  chip  set  to  be  used  as  a CODEC-per-1  ine 
has  to  be  less  than  $5  in  order  to  compete  with  the  time-shared 
arrangement.  One  reason  is  that  the  latter  already  generates  a 
time  division  multiplex  output  signal,  whereas  additional 
circuitry  is  necessary  for  this  purpose  in  the  case  of  the 
CODEC-per-1 ine  approach.  Further,  packaging  costs  have  to  be 
added  to  the  price  of  the  monolithic  chip  or  chip  set. 

It  is  very  difficult  today  to  obtain  any  reliable  pricing 
information  for  monolithic  CODEC  chips  which  are  supposed  to 
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become  available  very  shortly.  However,  all  of  the  semicon- 
ductor houses  which  have  announced  such  chips  maintain  that 
they  will  be  competitive  with  the  time-shared  CODEC  approach, 
whenever  they  become  available  in  volume  production  quantities. 
In  our  opinion,  this  means  that  they  must  not  cost  more  than 
between  $3  and  $4. 

If  we  assume  that  the  CODEC-per-1  ine  and  the  time-shared 
CODEC  will  be  cost  competitive  within  a couple  of  years,  the 
question  then  arises  if  there  are  any  technical  advantages  to 
either  solution.  The  time-shared  CODEC  generates  a time 
division  multiplexed  signal,  where  the  individual  subscriber 
lines  are  represented  in  the  same  sequence  as  they  are  in  the 
intermediate  PAM  signal.  Also,  all  of  the  24  subscriber  lines 
are  usually  present  in  this  composite  signal  required  to 
perform  any  desired  concentrating  f un ct ion- -e i ther  with  an 
analog  space  division  matrix  on  the  subscriber  line  side  or  in 
a time  switch  on  the  digital  side.  The  CODEC-per-1 ine  arrange- 
ment, however,  requires,  as  was  pointed  out  earlier,  additional 
circuitry  to  perform  the  function  of  serializing,  deserializ- 
ing, multiplexing  and  demultiplexing  of  the  individual  digital 
inputs  and  outputs  of  all  of  the  CODEC's.  It  is  relatively 
easy  to  design  this  circuitry  in  such  a way  that  it  also 
performs  concentrating  functions.  For  example,  it  could  select 
48  CODEC's  out  of  128  or  256,  and  combine  output  signals  into  a 
time  division  multiplex  bit  stream  (as  well  as  the  opposite 
function,  demultiplexing  an  incoming  bit  stream  and  distribut- 
ing the  individual  channel  signals  to  the  same  group  of 
selected  CODEC's).  This  latter  approach  might  have  a slight 
cost  advantage  over  the  time-shared  CODEC  arrangement,  requir- 
ing the  concentrator  action  to  be  performed  somewhere  in  the 
switching  network. 

Reduced  crosstalk  between  channels  is  usually  stated  as  an 
advantage  for  the  CODEC-per-1 ine  solution.  Any  CODEC  uses  two 
sample-and-hold  circuits.  One  is  used  to  sample  the  incoming 
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analog  signal  and  the  other  one  to  hold  the  output  voltage 
constant  between  subsequent  digital/analog  conversions.  These 
sample-and-hold  circuits  use  analog  semiconductor  gates  and 
capacitors  to  hold  the  analog  information.  Residual  charges  in 
these  capacitors  generate  crosstalk  between  adjacent  channels 
in  the  time-shared  arrangement.  It  is  well  known  that  a 
similar  approach  is  used  in  channel  banks  for  time  division 
multiplexed  trunks.  However,  crosstalk  in  a local  office  is 
considered  more  serious  than  in  transmission  equipment.  The 
theory  behind  this  is  that  adjacent  channels  in  local  switches 
always  belong  to  the  same  subscribers,  and  that  it  is  very 
likely  that  these  subscribers  know  each  other,  whereas  in  the 
case  of  transmission  equipment,  adjacent  channels  are  assigned 
differently  with  each  call.  Although  this  effect  is  quite  well 
known,  it  is  usually  maintained  by  designers  of  time-shared 
CODEC  systems  that  careful  design  results  in  a sufficiently  low 
degree  of  crosstalk. 

Another  point  in  favor  of  the  CODEC-per-1 ine  solution  is 
certainly  reliability.  The  time-shared  CODEC  in  most  cases 
consists  of  a much  larger  number  of  components,  including  more 
solder  joints,  etc.  and  is  likely  to  be,  at  the  least,  not  more 
reliable  than  a monolithic  CODEC.  Elowever,  any  component 
failure  in  a time-shared  CODEC  will  put  24  subscribers  out  'of 
service,  as  compared  with  one  subscriber  in  the  case  of  the 
monolithic  CODEC. 

Of  the  seven  U.S.  manufactuers  we  interviewed,  only  manu- 
facturers "E"  and  "G"  are  planning  to  use  time-shared  CODEC's. 
All  the  others  (A,B,C,D  and  F)  are  either  using  CODEC's-per- 
line,  or  planning  to  use  them  in  systems  under  development.  In 
■particular,  they  have  either  developed  a monolithic  CODEC  in- 
house,  or  are  planning  to  do  so.  "B","C",  and  "F"  are  planning 
to  use  monolithic  CODEC's  whenever  they  become  available  from 
the  major  semiconductor  suppliers.  In  the  meantime,  they  use 
mainly  off-the-shelf  integrated  circuits,  mixed  with  discrete 
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circuits  in  some  custom-made  elements  packaged  in  "hybrid  tech- 
nology." (This  term  refers  strictly  to  a high-density  packag- 
ing technology  which  results  in  a small  encapsulated  module, 
roughly  the  size  of  a large  integrated  circuit. ) 

Conclusions 

It  appears  that  roughly  two  equally  good  solutions  exist 
to  the  CODEC  problem,  with  the  CODEC-per-1 ine  approach  dominat- 
ing within  a few  years. 

2 . Filters 

Filters  are  an  essential  part  of  the  system  component 
which  performs  a digital  to  analog  and  analog  to  digital  con- 
version. However,  customarily  the  term  CODEC  is  applied  to 
this  system  component  minus  the  filters.  In  the  case  of  the 
CODEC-per- 1 i ne , each  CODEC  has  its  individual  transmit  and 
receive  filter,  whereas  in  the  case  of  the  time-shared  CODEC, 
one  set  of  transmit  and  receive  filters  are  required  per  sub- 
scriber line. 


Such  filters  have  to  meet  very  demanding  specifications. 
These  specifications  are  derived  not  only  from  the  sampling 
theory  but  from  the  requirement  that  up  to  12-  or  13-digital  to 
analog  and  analog  to  digital  conversions  may  occur  within  the 
route  of  a telephone  call.  These  conversions  must  occur 
without  too  much  degradation  in  the  speech  quality.  Only 
slight  degradation  in  filter  specifications  would  give  cumula- 
tive degradation  of  a signal,  since  it  would  occur  with  each  of 
the  mentioned  12  or  13  conversions.  However,  it  is  quite 
possible  to  maintain  the  present  filter  specifications  for  all 
the  transmission  equipment,  which  would  account  for  all  but  two 
convers ions--those  at  both  subscriber  ends  of  the  route.  A 
certain  amount  of  degradation  in  the  specifications  of  the  sub- 
scriber line  receive  and  transmit  filters  would  not  affect  the 
speech  quality  of  such  a telephone  call  to  any  great  extent. 
It  would,  however,  have  a favorable  effect  on  the  overall  cost 


of  a telephone  system. 


since  these  filters  are  required  for 
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These  technologies  are  likely  to  have  a considerable  impact  on 
the  cost  of  CODEC  plus  filter. 

Conclusions 

Filter  costs  will  continue  to  dominate  the  total  component 
cost  of  local  digital  switches,  followed  closely  by  the  cost  of 
CODEC's.  Some  improvement  can  be  anticipated  as  sales  volumes 
grow. 
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C.  HYBRID,  BATTERY  FEED,  SUPERVISION  AND  RINGING 

In  this  section  we  are  addressing  four  problems  included 
in  "BORSCHT."  Because  the  technical  solutions  developed  for 
these  four  problems  are  so  interrelated,  it  is  difficult  to 
consider  them  separately. 

In  the  introduction  wo  explained  that  with  any  PCM  tele- 
phone switch,  the  D.C.  line  voltage  must  be  applied  through  the 
subscriber  line  circuit  at  all  times.  Also,  provisions  have  to 
be  made  to  apply  the  ringing  circuit  when  required.  Addition- 
ally, line  supervision  is  necessary  in  order  to  continuously 
monitor  the  line  for  on-hook  and  off-hook  conditions.  All  of 
these  functions  are  also  present  in  a conventional  space 
division  electromechanical  switch  (usually  within  the  matrix); 
they  only  have  to  be  relocated  to  the  subscriber  line  circuit 
in  a PCM  switch.  A function  unique  to  the  PCM  switch  and  not 
normally  found  in  other  switches  is  the  hybrid.  Hybrid  is  the 
term  used  for  that  part  of  the  subscriber  line  circuit  which 
converts  from  the  actual  two-wire  subscriber  loop  to  the  four- 
wire  circuit  which  interfaces  with  the  CODEC.  The  CODEC,  as 
well  as  the  switching  matrix,  are  always  designed  to  accept  a 
four-wire  speech  path,  which  includes  two-wires  for  each 
direction. 

1 . Hybrid 

The  task  of  the  hybrid  is  not  only  to  connect  the  two-wire 
subscriber  loop  with  the  transmit  and  the  receive  portion  of 
the  switch.  This  would  be  a very  easy  task  to  accomplish.  A 
further  consideration  in  the  design  of  a practical  hybrid 
circuit  is  to  insure  that  speech  originating  at  the  subscriber 
loop  should  only  be  allowed  to  travel  to  the  two  wires  desig- 
nated for  this  purpose,  and  not  to  the  other  two  wires  which 
carry  speech  signals  from  the  distant  subscriber  towards  the 
subscriber  loop.  Also,  the  speech  signals  from  the  distant 
subscriber  are  supposed  to  reach  only  the  subscriber  at  the 
near  end  and  must  be  prevented  from  entering  the  other  two 
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wires  which  would  carry  them  back  towards  the  distant  sub- 
scriber (echo).  Whenever  the  hybrid  does  not  perform  well 
enough,  speech  signals  may  travel  from  one  end  of  an  establish- 
ed call  connection  to  the  other  end  and  back,  and  may  cause 
oscillations,  or  at  least  conditions  that  are  close  to  oscil- 
lations, which  are  called  "singing."  Singing  will  distort 
speech  quality  considerably.  Such  conditions  also  create 
problems  of  impedance  matching  of  the  various  sections  of  the 
path  of  the  telephone  call. 


There  are  certain  classical  ways  of  designing  a suitable 
hybrid.  In  fact,  every  present-day  telephone  instrument  con- 
tains a hybrid,  which  constitutes  the  interface  between  the 
subscriber  loop  on  one  end  and  the  microphone  and  speaker  on 
the  other  end.  Although  the  design  criteria  for  a hybrid  in  a 
PCM  subscriber  circuit  are  much  more  demanding  than  for  that 
found  in  a telephone  instrument,  similar  design  approaches  are 
possible.  In  fact  several  of  the  manufacturers  we  interviewed 
for  this  study  use  a classic  approach,  related  in  general 
principle  to  the  one  outlined  in  Figure  IV-5.  Here,  trans- 
formers are  used. 

The  primary  coil  of  the  first  transformer  which  is  split 
into  two  sections,  in  combination  with  two  load  resistors, 
allows  application  of  the  D.C.  current  to  the  subscriber  loop. 
It  also  serves  the  purpose  of  eliminating  common  mode  or  longi- 
tudinal signals.  The  center- tapped  primary  coil  of  the  second 
transformer  essentially  forms  a bridge.  Two  of  the  legs  of 
this  bridge  are  formed  by  the  transformed  impedance  of  the  sub- 
scriber loop  and  by  a simplified  electrical  line  model,  con- 
sisting basically  of  resistors  and  capacitors.  V'Jhenever  the 
line  model  matches  the  actual  line  impedance  over  the  used 
frequency  range,  the  transformer  can  be  considered  ideal,  and 
the  circuit  acts  as  a 100%  efficient  hybrid.  However,  in 
reality,  such  a condition  does  not  exist.  Not  only  are  these 
transformers  not  ideal,  but  the  electrical  parameters  of  a sub- 
scriber loop  covers  a wide  range.  Line  lengths  of  between  less 
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BATTERY 


R1,R2:  Battery  Feed  Resistors 

B:  Balancing  Network  (Line  Model) 
C:  Capacitor 

Figure  IV -5 

Battery  Feed  and  Hybrid 
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than  a mile  and  up  to  possibly  ten  miles  or  more  might  occur; 
cable  characteristics  depend  on  wire  gauge  and  cable  design; 
certain  lines  are  coil  loaded,  others  are  not;  and  finally,  the 
D.C.  resistance  of  the  telephone  instrument  depends  on  the 
amount  of  battery  current  in  the  subscriber  loop,  which  in  turn 
depends  on  the  D.C.  resistance  of  this  loop.  It  can  be  seen 
that  the  "line  model"  in  the  hybrid  can  only  be  designed  to 
meet  the  requirements  of  an  average  line.  Subscriber  line 
parameters  that  differ  from  this  "average"  condition  will 
result  in  degraded  performance  of  the  hybrid.  (See  Section  4 
for  solutions . ) 

2 . Battery  Feed 

There  are  several  established  design  approaches  for  a 
transformer-coupled  hybrid,  including  battery  feed  circuitry. 
Some  of  these  approaches  are  similar  to  the  one  shown  in  Figure 
IV-5,  others  use  only  one  or  as  many  as  three  separate  magnetic 
components.  But  all  of  them  perform  basically  the  same 
functions:  battery  feed  and  suppression  of  longitudinal 
signals.  They  further  contain  some  sort  of  "bridge"  in  which 
one  leg  is  formed  by  the  transformed  loop  impedance  and  the 
other  one  consists  of  the  "line  model." 


3 . Supervision 

Supervision  may  be  performed  in  several  ways  with  such  a 
transformer-coupled  hybrid.  One  way  is  to  include  the  coil  of 
a relay  in  the  primary  circuit  of  the  transformer.  This  way  an 
off-hook  condition  will  activate  the  relay,  while  dial  pulses 
will  temporarily  release  the  relay  again.  However,  the  dis- 
advantage of  relays  is  that  inaccurate  timing  and  contact 
bounce  will  tend  to  cause  trouble  especially  when  dial  pulses 
have  to  be  detected.  A related  method  has  been  used  occasion- 
ally. Here,  a "reed"  capsule  is  inserted  into  a hole  in  the 
transformer  core,  where  it  senses  the  presence  or  absence  of 
magnetic  flux. 
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Several  types  of  non-mechanical  transducers  are  known  and 
have  been  employed  for  the  purpose  of  supervision  in  the  sub- 
scriber loop.  Among  these  are  electro-optical  isolators,  as 
well  as  devices  which  make  use  of  the  change  of  magnetic  pro- 
perties under  the  influence  of  magnetic  fields,  and  devices 
using  the  Hall-effect.  The  latter  type  of  device  may  be  incor- 
porated into  the  transformer  core,  sensing  the  magnetic  field 
inside  this  core.  VJhen  compared  with  relays,  all  of  these  non- 
mechanical devices  have  the  potential  of  either  having  a 
changeable  threshold  for  the  detection  of  D.C.  current,  or  of 
even  measuring  the  current  in  the  subscriber  line  and  convert- 
ing the  amount  into  a digital  signal.  These  capabilities  are 
of  advantage  in  certain  more  sophisticated  subscriber  line  cir- 
cuits as  we  will  see  below  in  this  report. 

The  cost  of  the  components  necessary  ..or  such  a type  of 
circuit,  in  our  opinion,  is  as  follows  (assuming  a one-trans- 
former  circuit ) : 


COMPONENT 

PRICE 

RANGE 

o 

Transformer 

$3.00 

to 

$4.  00 

o 

Battery  Feed  Resistors 

$1.00 

o 

Line  Model  Components,  etc. 

$1.20 

o 

D.C.  Sensor 

(depending  on  technology  used) 

$1.00 

to 

$2.00 

$6.20 

to 

$8.20 

The  subscriber  line  circuits  of  manufacturers  "A,"  "B," 
"E,"  and  "F"  are  designed  essentially  along  these  lines.  Manu- 
facturers "C,"  "D,"  and  "G"  indicated  that  they  either  have 
developed  or  are  currently  developing  circuits  to  perform  the 
functions  outlined  above  which  use  only  solid  state  components 
and  no  inductors  or  transformers. 

From  the  diagram  in  Figure  IV-5,  it  should  not  be  conclud- 
ed that  the  transformer  is  providing  a D.C.  isolation  between 
the  subscriber  loop  and  the  rest  of  the  switch.  One  has  to 
keep  in  mind  that  all  subscriber  loops  are  connected  to  a 


common  battery  which  also  feeds  other  components  in  the  switch. 
However,  one  of  the  very  important  functions  of  the  transformer 
is  the  elimination  of  common  mode  or  longitudinal  signals. 
Ordinarily,  transformerless  input  circuits,  composed  of  tran- 
sistors or  other  semiconductors,  are  sensitive  to  such  signals 
or  are  capable  of  rejecting  only  longitudinal  signals  up  to 
very  few  volts.  The  hybrid  function  alone,  that  is  the  conver- 
sion between  the  two-wire  and  four-wire  format,  is  very  easily 
performed  with  OP-AUPS  and  normal  passive  components.  However, 
the  inclusion  of  suppression  of  longitudinal  signals,  as  well 
as  battery  feed  and  supervision,  makes  the  design  of  such  a 
circuit  very  involved.  We  have  not  been  able  to  learn  the 
details  of  the  designs  developed  by  the  three  manufacturers  (C, 
D and  G).  However,  it  appears,  that  they  use  an  elaborate  net- 
work of  OP-AMPS,  resistors,  and  other  passive  components. 
While  the  cost  of  transformers  and  discrete  passive  components 
is  likely  to  go  up  with  inflation  over  the  next  couple  of 
years,  OP-AMPS  might  even  become  less  expensive  and,  whenever 
they  are  packaged  in  "hybrid  technology"  with  resistors  printed 
on  the  substrate  and  laser  trimmed  to  close  tolerances,  the 
resulting  passive  circuit  components  cost  usually  considerably 
less  than  off-the-shelf  discrete  resistors. 

Conclusions 

Without  knowing  the  exact  details  of  the  circuits,  it  is 
difficult  to  estimate  the  cost.  However,  the  three  manufac- 
turers which  have  more  or  less  perfected  such  circuits  think 
they  will  be  price  competitive  with  one-transformer  circuits. 
They  stated  that  whenever  they  establish  volume  production, 
they  will  achieve  cost  reductions  of  between  50  and  67%  over 
transformer-coupled  technology  circuits. 
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4 . Adjustable  Elybrid  and  Subscriber  Line  Gain  Control 

As  we  have  seen  earlier,  ideal  performance  of  the  hybrid 
requires  a match  between  the  subscriber-line  impedance  and  the 
line  model,  which  is  part  of  the  hybrid  circuit.  Since  sub- 
scriber-line impedance  may  cover  a wide  range,  depending  on 
line  length,  material  used,  and  other  factors,  a perfect  match 
can  only  occur  for  a certain  average  subscriber  line.  A severe 
mismatch,  however,  will  result  in  serious  degradation  of  the 
performance  of  the  hybrid,  and  thus  in  voice  transmission 
quality.  All  of  the  U.S.  manufacturers  which  have  introduced 
PCM  systems  claim  that  they  are  able  to  meet  the  zero  loss  plan 
condition  (mentioned  in  the  introduction  to  this  chapter)  and 
still  maintain  the  required  singing  margin.  However,  the 
general  consensus  among  the  manufacturers  seems  to  be  that  this 
goal  is  very  difficult  to  achieve.  Two  of  the  manufacturers 
interviewed  are  planning  to  overcome  this  basic  difficulty  by 
incorporating  an  adjustable  hybrid  into  their  switches  within 
i the  next  two  or  three  years.  Most  of  the  other  manufacturers, 

when  asked  to  express  their  opinion,  indicated  that  they  would 
look  very  favorably  at  such  a solution,  but  do  not  have  imme- 
diate plans  to  incorporate  this  type  of  hybrid  into  their 
products . 

Problems  of  an  Adjustable  Hybrid 

The  idea  of  an  adjustable  hybrid,  that  is  to  say  a hybrid 
where  the  line  model  which  is  part  of  this  circuit,  can  be 
adjusted  to  match  exactly  with  the  subscriber-line  impedance, 
seems  to  be  appealing  at  first  glance.  However,  there  are  two 
problems  associated  with  such  an  approach.  Firstly,  it  is 
difficult  to  design  variable  resistors  and/or  capacitors  for 
the  required  range  of  parameters.  This  can  be  overcome  by 
making  these  parameters  adjustable  in  steps.  Thus,  a reason- 
able match  can  be  achieved  over  the  entire  range  of  subscriber- 
line parameters.  The  second  problem  is  more  serious:  How  to 
obtain  the  necessary  parameters  of  the  subscriber  line  and 
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actually  how  to  adjust  the  hybrid  accordingly.  An  obvious 
solution  would  be  to  measure  each  subscriber  line  to  calculate 
the  necessary  adjustments  and  to  perform  these  adjustments  by 
manually  setting  a switch  located  at  the  subscriber  line  cir- 
cuit. This,  however,  would  be  a time  consuming  and  administra- 
tively difficult  process.  It  further  means  that  whenever  a 
printed  circuit  board  containing  one  or  several  subscriber  line 
circuits  has  to  be  exchanged  for  repair  purposes,  the  settings 
of  these  switches  have  to  be  transferred  to  the  new  board  by 
the  exchange  technician.  Such  a procedure  would  mean  a strict 
disregard  of  the  trend  towards  automated  maintenance  and  check- 
out procedures.  Further,  it  would  be  difficult  to  remotely 
diagnose  the  status  of  adjustments  to  these  hybrid  circuits. 
None  of  the  manufacturers  we  interviewed  expressed  any  interest 
in  such  a design. 

Possible  Solutions 

It  appears  that  the  only  solutions  to  this  problem  which 
are  feasible  are  those  which  perform  the  necessary  adjustments 
automatically.  One  approach  is  to  incorporate  a digital  link 
between  the  common  control  and  each  of  the  subscriber  line  cir- 
cuits to  store  tables  with  the  subscriber  line  parameters  in 
memory,  and  to  program  the  common  control  to  adjust  the  cir- 
cuits accordingly.  However,  even  this  approach  does  not  appear 
to  be  flexible  enough,  since  the  outside  plant  is  usually  in  a 
state  of  constant  change.  It  would  be  much  more  desirable  to 
actually  measure  the  subscriber  line  parameters.  It  has  been 
suggested  that  the  subscriber  line  circuit  have  incorporated 
into  it  the  capability  to  measure  the  D.C.  current  through  the 
subscriber  loop.  This  could  be  done  by  using  a D.C.  transducer 
for  loop  supervision,  which  not  only  senses  the  presence  or 
absence  of  current,  but  measures  the  amount  of  current.  Look- 
up tables  within  the  memory  of  the  common  control  computer 
would  then  contain  information  about  the  wire  gauge  of  each 
subscriber  line  (and  possibly  the  loading  status  of  those 
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lines).  Knowing  the  wire  gauge  and  D.C.  current  allows  the 
calculation  of  the  length  of  the  subscriber  line  and,  using 
either  a proper  algorithm  or  another  look-up  table,  allows  the 
determination  of  the  most  favorable  setting  of  the  hybrid 
adjustment  for  this  subscriber  loop. 

It  is  also  quite  possible  to  perform  the  task  of  measuring 
the  subscriber  line  parameter  and  adjusting  the  subscriber  line 
hybrid  by  adding  the  necessary  "intelligence"  in  the  form  of  a 
microprocessor  to  the  subscriber  line  circuit.  Some  of  the 
manufacturers  we  interviewed  seem  to  think  that  prices  for 
microprocessors  and/or  custom  LSI  elements  are  so  low  these 
days  that  such  an  approach  will  become  economically  feasible. 

Another  feature  which  might  have  to  be  added  to  the  sub- 
scriber line  circuit  is  adjustable  gain,  linked  to  the  common 
control  of  the  switch.  This  feature  would  allow  fine  tuning  of 
the  subscriber  line  circuit  to  meet  the  goal  of  a zero  loss 
network.  Further,  it  is  also  possible  to  compensate  for 
attenuation  in  especially  long  subscriber  lines  or  gather  other 
facts  for  outside  plant  maintenance. 

There  are  two  general  ways  to  introduce  such  a variable 
gain.  An  analog  amplifier  with  remotely  controllable  gain 
could  be  incorporated  into  the  hybrid  circuit,  or  into  the 
analog  section  of  the  CODEC,  provided  a separate  CODEC  is  being 
used  for  each  subscriber  line.  It  is  also  possible,  to  build  a 
digital  attenuator  into  the  digital  interface  between  the  CODEC 
and  the  switching  network.  With  each  of  these  designs,  a link 
is  required  from  the  common  control  to  the  input  of  the  gain- 
adjustment  circuit  in  order  to  adjust  the  gain  in  accordance 
with  look-up  tables  within  the  memory  of  the  coiiumon  control. 

Of  the  manufacturers  we  interviewed,  only  one,  "G," 
actually  uses  variable  gain  in  one  of  their  PCM  systems.  In 
this  case  it  is  an  adjustable  digital  attenuator  inserted  on 
the  digital  side  of  a time-multiplexed  CODEC.  Special  memory 
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associated  with  this  digital  attenuator  is  loaded  v/ith  the 
desired  attenuation  for  each  of  the  associated  24  subscribers. 
This  permits  the  switching  of  the  attenuator  in  synchronism 
with  the  time  multiplexed  information  from  the  24  subscribers 
in  such  a way  that  the  signal  from  each  subscriber  receives  its 
proper  a ttentuat ion . 

Some  of  tlie  , other  manufacturers  indicated  that  they  are 
seriously  reviewing  the  incorporation  of  an  analog-type  of 
remotely  adjustable  attenuator  into  their  switch  at  a later 
time . 


I'iO 


D. 


RINGING 


In  a PCM  switcli,  ringing  cannot  bo  applied  through  the 
sv.’itching  netv.’ork  (matrix).  It  has  to  bo  applied  directly  to 
the  suliEcriber  line  circuit.  All  of  the  manufacturers  \.’e  con- 
tacted use  a conventional  relay  for  this  purpose.  This  relay 
is  usually  actuated  under  software  control  through  a senicon- 
ductor-type  of  relay  driving  circuit  and  is  only  employed  to 
allow  access  to  the  subscriber  line.  Selecting  the  proper- 
ringing  signal  of  the  correct  frequency  from,  a common  ringing 
bus,  or  in  some  cases  even  generating  this  signal,  is  done  with 
special  circuitry  under  computer  control. 

It  appears  to  be  quite  feasible  to  use  semiconductor  ele- 
ments (TRIAC  or  others)  to  replace  the  relay,  but  as  far  as  we 
know,  all  systems  v?hich  have  been  announced  still  use  relays. 

E.  OVERVOLTAGE  PROTECTION 

Overvoltage  protection  for  all-electronic  switches  is  much 
more  difficult  to  achieve  than  for  the  commonly  used  electro- 
mechanical switches.  Most  semiconductor  elements  are  extremely 
sensitive  to  relatively  low  overvoltages.  However,  it  is 
generally  accepted  that  the  same  specifications  regarding  over- 
voltage protection  have  to  be  applied  to  all  equ ipment--all- 
electronic  or  conventional. 

The  most  severe  cases  of  overvoltages  occur  either  from 
lightning  strikes  or  pov/er  line  crossings.  Many  of  the 
American  manufacturers  we  interviewed  have  initially  considered 
the  use  of  gas-discharge  tubes  instead  of  the  common  carbon 
blocks  at  the  point  of  entrance  of  the  subscriber  lino  cables. 
However,  the  general  consensus  seems  to  be  that  gas-discharge 
tubes  in  general,  and  especially  the  two-element  types,  do  not 
function  very  reliably  and  are  quite  expensive — while  the  more 
reliable  throe-element  types  are  even  more  expensive.  It 
appears  that  almost  all  of  the  interviewed  American  manufac- 
turers are  now  specifying  the  use  of  a new,  improved  type  of 
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carbon  block  overvoltage  protector  v-’ith  their  switch.  Curopean 
manufacturers,  however,  seem  to  have  had  very  good  experiences 
with  the  gas-discharge  tubes  and  do  not  consider  them  too 
expensive.  V?e  received  the  impression  tliat  possibly  the  state- 
of-the-art  of  gas-d ischarge  tubes  in  Curope  are  different  and 
better  than  in  the  U.S. 

In  dealing  with  the  overvoltages  which  are  not  removed  by 
these  carbon  blocks  or  gas  discharge  units,  tl)e  philosophy  of 
all  of  the  interviewed  manufacturers  is  as  follows: 

o Proper  design  of  the  semiconductor  circuits 
can  result  in  an  overall  design  which  is 
affected  relatively  little  by  overvoltages, 
m addition,  elements  like  VOR  resistors, 

Zener  diodes  etc.,  are  commonly  used  on  the 
printed  circuit  boards.  Also,  narrow  spac- 
ing of  conductors  in  specified  parts  of  the 
back  plane  or  printed  circuit  board  is  used 
to  confine  possible  arcing  to  predetermined 
areas  to  aid  in  diagnosis  of  failures. 

o Although  tiie  above  described  practices  will 
handle  most  of  the  transient  overvoltage 
conditions,  severe  and  sustained  power  line 
crossings  still  can  be  expected  to  destroy  a 
subscriber  line  circuit.  In  this  case,  the 
design  of  the  circuit  should  limit  the 
damage  to  the  subscriber  line  circuits  of 
the  affected  subscriber  loops.  Also, 
possible  burn  out  of  components  on  the  sub- 
scriber circuit  board  under  no  circumstances 
should  be  allov/ed  to  start  a tiro.  This  is 
a difficult  conditioti  to  meet,  especially 
since  the  battery  feed  resistors  will  absorb 
a largo  portion  of  the  power  introduced  into 
the  subscriber  line  circuit  by  the  power 
line  crossing. 
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r. 


Tr,ST  ACCESS 


In  conventional  space  division  sv.’itches,  special  test 
trunks  may  be  connected  with  any  subscriber  line  by  the  diag- 
nostic programs  in  the  common  control  computer.  These  test 
trunks  are  connected  with  automatic  testing  equipment,  v/hich 
performs  a series  of  standard  tests. 

No  such  possibility  exists  in  a PCII  switch.  Hov.’ever,  it 
appears  that  most  telephone  companies  want  to  perform  the  same 
type  of  test  on  the  subscriber  loops  that  they  are  using  cur- 
rently with  other  types  of  switches.  All  of  the  American  manu- 
facturers wo  interviewed  indicated  that  they  will  provide  a 
metal  lie  access  to  the  subscriber  loop  in  their  first  genera- 
tion of  PC/]  systems. 

This  access  is  achieved  in  one  of  two  ways.  The  first  is 
to  incorporate  an  additional  relay  into  the  subscriber  line 
circuit  which  allows  the  disconnection  of  t/ie  subscriber  loop 
from  the  subscriber  line  circuit  and  connection  to  a test  bus, 
which  is  common  to  a certain  number  of  subscriber  loops. 
Usually,  the  same  relay  connects  the  input  terminals  of  the 
subscriber  line  circuit  with  another  test  bus,  thus,  allowing 
access  to  the  analog  side  of  the  subscriber  line  circuit.  The 
second  approach  is  to  use  additional  contacts  on  the  ringing 
relay  for  test  access  to  the  subscriber  loop,  thus  saving  one 
relay  per  subscriber. 

The  test  bus  may  be  used  in  different  ways.  It  can  be 
connected  to  automatic  test  equipment  at  the  site  of  the 
switch.  Execution  of  tests  may  then  be  remotely  controlled 
from  a regional  maintenance  center,  and  the  test  results  trans- 
mitted to  this  center  over  special  digital  data  links.  Another 
approach,  especially  suitable  for  small  switches,  is  to  use  a 
special  trunk  with  metallic  continuity  to  directly  connect  the 
test  bus  with  test  equipment  at  a regional  maintenance  center. 
This  approach  is  used  by  manufacturer  "A"  for  the  organiza- 
tion's first  generation  of  relatively  small  central  offices. 
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We  inquired  of  all  the  manufacturers  interviewed  if  they 
see  the  possibility  of  using  A . C . methods  for  testing  sub- 
scriber lines.  (Such  methods  would  not  require  metallic  access 
to  the  subscriber  line  and  would  allow  elimination  of  the  relay 
presently  used  for  access  purposes.)  Most  manufacturers 
pointed  out  the  difficulty  of  designing  such  test  procedures 
and  the  additional  difficulty  of  overturning  present  telcpl)onc 
operating  company  requ i rejnents  and  procedures.  However,  manu- 
facturer "A"  indicated  that  they  are  currently  v,'orkirig  on  such 
a method  and  think  that  they  could  very  well  be  incorporated 
into  the  next  generation  of  PCH  switches. 
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SYMCHROtJIZATlON 


G. 

The  problcn  of  synchroni z iny  PCM  networks  arises  parti- 
cularly when  integrated  switching  and  transmission  systems  are 
considered.  An  isolated  PCM  switch  in  an  analog  environment 
docs  not  need  synch  ron  i za  t ion  v/ith  the  network  exterior  to  this 
Ew itch . 

Synchronization  is  usually  included  in  the  list  of 
"BORSCHT"  problems.  Hovjever,  it  is  a problem  on  a different 
level  than  those  discussed  so  far,  which  were  concerned  primar- 
ily with  the  subscriber  line  circuit.  Review  of  articles  in 
technical  publications  on  the  synchronization  of  PCM  netv.orks 
reflects  a changing  attitude  towards  these  problems.  There  was 
a flood  of  publications  about  synchronization  and  related 
problems  for  about  five  years.  Hov/ever,  recently  this  flood 
has  turned  into  a trickle  of  papers.  Our  investigation  of  this 
phenomenon,  as  well  as  our  interviews  v;ith  the  American  system 
manufacturers  yielded  the  following  status: 

o Many  years  ago,  the  concept  of  a strictly  syn- 
chronous network  was  promoted.  Nov;,  the  opin- 
ion is  that  strict  synchronization  is  neither 
necessary  or  possible.  One  technical  reason 
for  this  change  is  that  today's  first  genera- 
tion of  PCM  switches  use  enough  memory  to  store 
at  least  one  frame  of  information  for  each  TDM- 
PCH  multiplex  circuit.  Formerly,  when  memory 
costs  wore  much  hi'ghcr  than  they  are  today, 
design  schemes  for  PCM  switches  had  been  sug- 
gested which  require  only  the  theoretically 
possible  minimum  of  memory.  The  present  new 
design  principles  allow  quite  an  amount  of 
phase  jitter,  as  well  as  facilities  for  imme- 
diate recovery  from  frame  slippages. 

o Thus,  it  seems  to  be  technically  feasible  to 
operate  the  present  generation  of  PCM  switches, 
even  in  an  all-digital  environment,  without 
synchronization  with  the  PCM  transmission  net- 
work. The  result  would  be  a few  single  frame 
slippages  within  the  duration  of  a normal  call, 
which  would  be  hardly  noticeable  in  normal  con- 
versation. Such  frame  slippages,  however,  may 
disturb  transmission  of  digital  data  or  modem 
signals. 


o In  the  U.S.,  the  Bell  System  has  worlced  out  a 
concept  whereby  the  whole  country  is  divided 
into  districts,  each  of  wliich  will  have  a 
master  clock  of  higli  accuracy  synchronizing 
a netv;ork  of  distributing  lines  and  slave 
clocks.  This  nctv;ork  finally  synchronizes 
the  clocks  wliich  are  part  of  each  individual 
switch.  V/itlioLit  going  into  the  details  of 
this  planned  network,  we  v;ould  like  to  empha- 
size that  oven  this  scheme  does  not  require 
a fully  rigid  phase  relationship  of  all  tlie 
clocks  involved.  It  allows  a certain  amount 
of  phase  jitter  and  for  occasional  frame  slip- 
pages . 

Each  of  the  manu f acturers  interviewed  indicated  that  the 
first  pliase  of  the  introduction  of  PCM  digital  switches,  they 
will  have  to  v/ork  in  an  analog  environment,  where  no  synchroni- 
zation with  any  network  is  required.  In  the  long  run,  the 
manufacturers  expect  that  their  customers,  usually  the  inde- 
pendent telephone  companies  in  the  U.S.,  will  enter  the  scheme 
of  synchronization  promoted  by  AT&T  and  the  manufacturers  have 
designed  their  switches  accordingly. 


H.  THE  EUROPEAN  SCENE 

We  r-pokc  \;ith  scvciaJ  European  telephone  sv.-itchinq  manu- 
facturers. In  France,  the  French  PTT  administration,  throuqh 
their  research  facility  CNET,  has  developed  the  ElO  system. 
This  was  the  first  PCM  local  switch  to  be  introduced  into  any 
public  network.  We  also  spoke  with  TELEFONBAU  UND  UORMALZEIT 
{ T & M ) in  Frankfurt,  Germany,  w hi  i c h manufactures  an  a 1 1 - 
electronic  PABX,  the  Model  G030  . Althouqli  this  PABX  uses  PAM 
technology,  a PCM  version  has  been  developed  and  sold  overseas 
for  PABX  and  central  office  appl i ca t ions . We  also  had  discus- 
sions with  several  manufacturers,  including  Philips  and 
Siemens,  who  do  not  presently  offer  PCM  switches,  but  who 
nevertheless  gave  us  valuable  insights  into  the  thinking  of  the 
European  PTT  a dmi n i s t r a t i on s and  manufacturers  with  regards  to 
PCM  technology. 

I . French  ElO  System 

Tlie  ElO  system  is  a small  local  switch  using  PCM  techni- 
cues  (initially  up  to  10,0  00  lines).  It  has  been  developed  liy 
CNET,  and  is  manufactured  by  CIT-ALCATEL  and  other  manufac- 
turers. 

The  ElO  system  has  been  in  service  for  a number  of  years, 
and  the  original  hardware  reflects  the  state-of-the-art  at  the 
time  of  development.  However,  nev^  hardware  has  been  designed 
in  the  meantime  to  be  retrofitted  into  the  systems  in  service. 
As  far  as  subscriber  circuits  are  concerned,  most  of  the 
systems  arc  equipped  with  subscriber  circuits  of  the  type 
called  CSA.  CSA  consists  of  time-shared  CODEC's  and  associated 
circuitry  reflecting  the  state-of-the-art  of  the  late  1960's. 
It  includes  a space  division  preconcentrator  stage  using  reed 
relays. 

Recently,  CNET  has  introduced  the  new  version  of  the  sub- 
scriber line  circuit  called  EM A.  It  does  not  use  analoa  pre- 
concentration.  The  difference  is  that  one  time-shared  CODEC 
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serves  30  sobseribcr  .lines  instead  of  24,  folio  winq  the 
Furooean  standard. 


j The  EMA  uses  a sinnle  transformer  between  the  subscriber 

loop  and  the  subscriber  circuit.  It  is  relatively  small  and 
consists  of  only  tv;o  coils.  It  also  serves  as  an  inductor  for 
battery  feed.  The  function  of  the  hybrid  and  the  transmit  and 
I receive  filters  are  entirely  inplcrentcd  in  semiconductor  tech- 

i noloqy  and  form  a relatively  snail  plastic  encapsulated  build- 

inq  block.  It  was  explained  that  relaxed  filter  specifications 
(from  those  commonly  required  for  transmission  typo  equipm.ent) 
are  beinq  used  in  the  transmit  and  receive  filter  of  the  .FflA. 
This  apparently  is  an  approach  different  from  that  used  by  all 
of  the  American  manufacturers.  As  explained  earlier  (in  the 
filter  section  B.2)  , such  an  approach  is  com.pletely  feasible, 

! but  it  appears  to  be  questionable  whether  the  American  market 

would  accept  these  deqraded  filter  specifications.  However, 

' as  a result  of  relaxing  the  specifications,  the  function  of  the 

hybrid  (without  battery  feed  and  supervision),  as  well  as  both 
i,  filters,  could  be  implemented  using  only  five  OP-AMPS, 

ji  Further,  CNET  received  quotes  for  the  packaged  circuit  from 

' several  major  U.S.  semiconductor  houses  for  between  $6  and  $8 

in  production  volume,  which  means  a substantial  cost  reduction 
over  the  design  approach  taken  by  most  other  manufacturers. 

t Overvoltage  Protection 

! 

I In  France,  the  installation  of  gas- discharge  tubes  on  all 

incomiing  lines  is  generally  assumed.  Further  special  Zener 
diodes  and  special  break  points  are  used  on  the  subscriber 
line  printed  circuit  boards  themselves. 

2.  TELEFONBAU  UHD  NORMALZEIT  PCM  Version  of  the  6030 
System 

T&N  has  developed  a PCM  version  of  their  6030  PABX  which 
is  also  to  be  used  as  a small  central  office.  Some  interest- 
ing features  of  this  system  arc  highlighted  below: 
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CODEC 


T & E'  Li  s c-  5>  a t i m e - 5 h 0 r e d CODEC  in  their  s y s t c n h u i 1 1 from 
off-the-shelf  semiconductor  components.  They  explained  that 
rinht  nov/  they  do  not  .see  the  possibility  of  obtaininq  one- 
chip  CODEC's,  and  that  such  tochnoloqy  is  renardcd  as  transi- 
tional anyhov;.  They  explained  tliat  CODEC  and  filters  will  bo 
integrated  in  a common  monolithic  circuit  at  a.  later  time. 

Ilvbr  i d,  Battery  Eeed  and  ^i_n  n_i  no 

T&K  uses  a relatively  unicue  approach  for  this  part  of 
the  line  circuit.  One  transform.er  is  used  for  D.C.  isolation, 
and  two  separate  small  inductors  for  battery  feed.  The  hybrid 
itself,  moaning  the  circuit  that  actually  converts  between 
two-wire  and  four-wire,  is  a separate  all-semiconductor  com- 
ponent. The  battery  feed  circuit,  in  addition  to  the  two 
inductors,  uses  a specially  designed  semiconductor  chip,  acting 
as  a constant-current  source.  Tf. li  explained  that  with  the 
Eu ropea n- type  of  telephone  instrument,  which  does  not  use  non- 
linear D.C.  resistors,  a constant-current  source  m.eans  a very 
valuable  improvement  of  the  properties  of  the  subscriber  loop. 

Filters 

TSrN  explained  that  they  have  spent  considerable  time 
evaluating  all  possible  state-of-the-art  technologies  suitable 
for  filter  implementation  and  finally  arrived  at  filters  which 
are  built  entirely  from  passive  components.  They  found  that 
filters  implemented  with  OP-AMPS  and  laser  trimmed  resistors 
packaged  in  "hybrid  technology"  would  be  more  expensive. 
However,  this  approach  is  only  possible  because  T&N  used  an 
active  electronic  circuit  as  a hybrid,  which  allows  the  intro- 
duction of  positive  gain  to  compensate  for  loss  in  the  passive 
filters. 

Test  Access 

T&N  is  using  a relay  to  gain  metallic  test  access  to  the 
subscriber  circuit.  However,  they  think  in  the  future  a non- 
D.C.  type  of  test  procedure,  which  would  not  require  metallic 
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v.’c  will  discuss 


In  the  follov.’ing  sections, 
that  appear  to  be  viewed  diCierently 

U.S. 


iron  that 


a few  topics 
found  in  the 


Synchron  i?:at  ioj} 


The  sar.ie  design  philosophy  for  the  switcli  is  found  in 
Europe  and  the  U.S.  This  means  there  is  enough  storage 
provided  for  a full  frame  of  PCM.  Circuits  are  incorporated 
into  the  switch  which  allows  the  synchronization  of  the  local 
clock  with  any  other  clock,  accommodating  a certain  amount  of 
phase  jitter. 

However,  contrary  to  the  prevailing  opinion  in  the  U.S., 
every  manufacturer  we  interviewed  stated  the  following: 

o No  European  standard  for  PCM  systems  has 
been  established  so  far. 

o The  CCITT  is  v;orking  on  standards.  How- 
ever, it  might  be  a long  time  before  the 
standards  become  available,  and  they  often 
tend  to  be  unrealistic  and  difficult  to 
apply. 

o Using  a quartz  crystal  as  a local  clock, 
which  costs  well  below  $100,  will  reduce 
frame  slippages  to  only  a very  few  per 
duration  of  an  average  call.  Such  frame 
slippages  are  barely  audible.  Unless  digi- 
tal data  are  transmitted  over  an  integrated 
switch  and  transmission  network,  no  syn- 
chronization is  needed. 

o Synchronization  is  also  a political  problem. 

It  is  likely  that  none  of  the  major  European 
countries  would  like  their  telephone  network 
to  be  synchronized  by  another  European 
country. 


Subscriber  Loops 


Although  the  existing  PCM  switches  have  been  designed  to 
accept  subscriber  loops  with  a D.C.  resistance  of  1300  to  1600 
ohms,  there  seems  to  be  a different  philosophy  with  regard  to 
subscriber  loops  in  Europe.  Firstly,  the  European  telephone 
instrument  does  not  use  non-linear  D.C.  resistors.  Secondly, 
it  is  usually  explained  that  there  is  a much  lower  incidence 
of  very  long  subscriber  loops  compared  with  the  United  States. 
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This  is  certainly  due  to  the  much  denser  population  in  Europe. 
It  was  also  stated  that  PTT  administrations  are  more  inclined 
to  install  special  low-current  (electronic)  telephones  for 
subscribers  with  particularly  long  loops.  Such  telephone 
instruments  seem  to  include  advanced  principles  for  ringing. 

Loss  Plan 

No  comprehensi ve  European  loss  plan  applicable  to  PCM 
systems  exists  so  Car.  In  countries  li)ce  Holland,  where  an 
overall  zero  db  loss  plan  for  existing  analog  telephone  system 
has  been  achieved,  we  were  told  that  the  PTT  will  most  li);ely 
keep  the  zero  loss  properties  of  the  telephone  network  even  if 
PCM  was  installed  at  a later  time.  However,  most  people  we 
interviewed  in  Europe  tended  to  view  AT&T's  zero  loss  plan  for 
a PCM  telephone  network  as  some  kind  of  attempt  to  intimidate 
the  U.S.  independent  telephone  companies.  No  one  could  think 
of  a reason  why  a loss  of  between  -2  db  and  -6  db  on  intra- 
local calls  should  not  be  tolerable  or  even  beneficial. 


g 
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OVERALL  CONCLUSIONS 


i After  interviews  with  technical  management  personnel  of 

1 nine  firms  developing  local  PCM  swi  telling  systems,  we  have 

j concluded  that: 

i o Acceptable  cost-effective  solutions  exist 

to  all  the  BORGCiiT  problems,  and  these 
solutions  will  become  more  cost-effective 
i with  time. 

; o The  first-generation  of  PCM  local  switches 

will  not  incorporate  the  most  advanced 
" solutions  now  visible  for  each  of  these 

problems. 

o The  lack  of  recognized  standards  for  PCM 
;■  switching  (local)  v;ill  slow  acceptance  of 

' such  systems  in  some  countries. 

o More  experimentation  with  actual  user 
' acceptance  of  different  standards  will 

likely  be  required  before  an  international 
j,  standard  is  feasible. 

j,  o The  R&D  commitment  to  all-electronic  PCM 

. local  central  office  switching  technology 

‘ vitually  assures  that  this  technology  will 

I be  the  next  major  thrust  in  local  switch- 

i ing--and  likely  sooner  than  expected  by 

f,  most  observers. 


SOFTIJARL  CONSIDERATIONS 


This  area  was  not  qivcn  orir'ary  focus  cTurinq  the  course  of  this 
current  contractual  effort.  It  aopearecl  that  the  pajor  focus  should 
be  on  the  hardware  oroblens  associated  with  electronic  switchinq 
systeps  applied  for  n-ilitary  use,  in  order  to  initially  discover  the 
major  limitations  in  those  areas.  We  now  hcivc  a fairly  com'plete 
under  stand  inn  of  the  hardv;are  problems,  and  could  more  effectively 
address  the  soft\.'are  considerations  in  adaptinn  a commercial 
electronic  switchinq  system  to  military  applications.  Vve  are  pro- 
posing additional  study  effort  in  this  area. 

Provided  belov;  are  observations  and  conclusions  relating  to  the 
relative  ease  or  difficulty  of  modifying  or  extending  the  existing 
software  of  commercially  available  electronic  switching  syster-s  to 
meet  a minimal  set  of  military  requirements. 

A.  SPECIAL  SUBSCRIBER  FEATURES 

Most  of  the  comm.ercial  switches  surveyed  already  included  a 
comprehensive  set  of  "standard"  subscriber  features  in  their  soft- 
ware. To  a large  extent,  these  subscriber  features  are  implemented 
in  soft  V7  are,  with  little  hardware  interaction,  other  than  to 
require  additional  memory  both  for  the  feature  program,  as  well  as 
for  feature  data  storage  required  for  features  such  as  abbreviated 
dialing,  call  forwarding,  etc.  In  general,  most  of  the  common 
control  processors  have  the  ability  to  accept  sufficient  memory 
within  the  addressing  structure,  and  within  the  basic  physical 
frame  to  implement  both  commercial  and  special  military  subscriber 
features  without  unusual  costs  being  incurred.  The  feature  of 
"call  waiting"  requires  hardware  as  well  as  software  embodiment,  in 
order  to  apply  Lht;  special  call  waiting  tone  to  the  called  sub- 
scriber line. 

Military  Call  Precedence 

The  software  embodiment  of  this  capability  has  been  indicated 
to  be  either  available,  or  easily  implemented  on  most  of  these 


commercial  avntems.  However,  wc  should  like  to  point  out  that 
there  ore  severol  concepts  as  to  hew  this  feature  is  i mplemcnted-- 
porticulorly  with  renorcs  to  the  iramidiacy  of  tlic  priority  given  to 
higher  precedence  calls.  Specifically,  it  is  our  belief  that  fe\/ 
of  those  system  manufacturers  vdio  indicated  current  availability  or 
easy  implementation  anticipate  providino  the  facility  to  interrupt 
the  call  set-up  processing  for  lov;c  r precedence  calls  to  accept  a 
higher  precedence  call.  V?c  arricipate  the  same  is  true  if  the  pro- 
cessor is  engaged  in  the  "knock  down"  of  a lower  precedence  call. 
Rather,  the  processor  would  wait  until  cither  the  call  setup  or 
knock-down  wore  complete,  then  process  the  higher  precedence  call. 
This  might  be  a.  delay  measured  in  the  range  of  10  to  30  m. illi- 
seconds.  Vve  believe  that  this  delay  should  be  fully  tolerable 
v/ithin  the  military  switch,  since  it  is  below  the  threshold  of 
perception  of  the  normal  hum.an  being. 

Typically,  the  commercial  switches  rriay  contain  too  many  sub- 
scriber features  to  provide  the  greatest  econom.y  in  the  use  of 
memory  in  the  common  control,  as  v;ell  as  to  achieve  maximum  reli- 
ability. For  this  reason,  the  program  for  the  commercial  switch 
should  likely  be  modified  to  speci f i cally  take  out  these  alloca- 
tions of  software  for  unneoded  features,  in  order  to  avoid  their 
inadvertent  use,  and  subseouent  confusion  or  lack  of  ability  to  use 
the  telephone  in  the  normal  mode. 

The  secure  mode/ key  conversion  requires  both  hardv/are  and 
software  modifications  which  have  not  yet  been  studied  in  any 
depth . 


B. 


SPFCIAL  SYBTCr,  FEATURES 


The  major  consideration  here  is  the  ability  to  provide  remote 
operation  and  maintenance  features,  as  v.’ell  as  interface  v/ith  a var- 
iety of  siqnalline  systems.  Mearly  all  of  the  new  central  office 
switching  systems  provide  th.is  in  their  standard  ccmnercial  version, 
whereas  the  commercial  PAPX  systems  do  not.  Typically,  v.’e  do  not 
consider  it  difficult  to  provide  such  rcjpotc  indications  of  mainte- 
nance functions,  rccuirinq  at  most  in  the  range  of  1 ,000  to  2,000 
words  to  implem,ent.  The  ability  for  remote  operation,  such  as  to 
provide  the  ability  for  number  reass ignments , would  likely  require 
c'jt  most  50%  more  memory. 

The  ability  for  handling  other  signalling  systemis,  specifically 
those  v;ith  a compelled  sequence  during  the  handshake  operation  v;ill 
require  a substantial  amount  of  memory  and  software  development  to 
implement.  We  could  visualize  several  thousand  words  of  program 
memory  being  allocated  to  each  signalling  system  utilizing  a compel- 
led signalling  sequence. 


C.  PROGRAM  MODULARITY 


The  ability  of  the  basic  oporatinq  pregrarp  to  treat  major  pro- 
gram segments  as  "black  boxes"  vn'th  specified  inputs  and  outputs  has 
been  a desired  objective  in  the  computer  field  for  many 
years.  Few  systems  have  actually  achieved  any  significant  degree  of 
true  modularity  of  program  segments,  particularly  for  smaller 
systems  v?hcre  one  attempts  to  minimize  the  amount  of  memory  reouired 
to  implement  the  operating  system,.  Our  further  objective  of  modu- 
larity is  to  permit  the  individual  "black  hexes"  to  be  miodified 
internally,  without  changing  the  input  or  output  specification. 
Within  this  concert  "without  having  to  modify  any  other  segm^ent  of 
the  operating  system,"  we  doubt  if  it  v;ould  be  practical  to  specify 
full  m.odularity  in  the  operating  system,  in  the  switching  programs, 
and  subscriber  feature  programs  for  a procurement  within  the  next 
fev;  years.  Rather,  the  use  of  a switch  v;hich  is  proven  in  the 
field,  under  a variety  of  conditions,  likely  V70uld  be  adequate 
assurance  of  software  integrity  without  the  requirement  for  full 
modular i ty . 
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D.  SOFT'.JARE  DEVELOPMCtIT  COSTS 

In  roclorn  full  electronic  nwitchinn  systcirc,  the  overall 
initial  devclopiT'ent  contn  currently  ere  runninq  such  that  50?,  to  60?. 
of  the  total  development  effort  is  put  into  softv/arc  development. 
This  is  not  only  for  the  operatinq  system,  s\.'itchinq  prooram  and 
associated  subscriber  features,  but  for  the  necessary  support  pro- 
grams to  permit  hiober  level  languages  to  bo  employed  for  program 
modification,  extensions,  and  parameter  insertion.  The  development 
of  the  fault  isolation  and  diaonostic  program  likely  constitute  at 
least  50%  of  the  overall  devcloDment  costs.  Addino  a sizeable 
number  of  special  military  subscriber  or  system  features  vvhich  had 
not  been  visualized  during  the  development  of  these  fault  isolation 
and  diagnostic  procrams  may  reouire  significant  additional  develop- 
ment costs  to  ensure  that  these  are  adequately  monitored.  On  the 
other  hand,  the  major  concern  is  with  the  basic  operation  of  the 
switch,  and  the  identification  of  faulty  line  circuits,  trunk 
circuits,  mem.ory  modules,  or  processors.  Thus,  one  may  be  willing 
to  accept  a less  than  full  testing  of  the  specialized  features  in 
the  diagnostic  program  set.  This  area  should  be  given  further 
study . 

For  a sm.a  1 1 /modi  urn  size  digital  PABX  development,  total 
development  costs  are  runnina  in  the  range  of  ?5  to  $10  million. 
This  means  that  the  overall  software  development  is  likely  in  the 
range  of  $3  to  $4  million,  with  the  diagnostic  proorams  being  a $1.5 
to  $2.0  million  portion. 

The  development  costs  for  additional  military  subscriber 
features  is  likely  to  be  at  m.ost  a $1.0  million  effort  for  those 
systems  which  already  do  not  include  some  form  of  call  precedence 
capability . 
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E.  SOl'TvIARE  RELIABILITY  CONSIDERATIONS 

It  is  in  general  stil]  true  that  the  lamest  source  of  single 
subscriber,  r'u  1 1 i subscr  i her  and  total  systcr’  failure  events  are 
still  attributable  to  software  problers  in  most  stored-progra.n  con- 
trol systcirs.  Tynically,  such  faults  nive  rise  to  a re- ini  t i al  iza- 
tion  of  the  program  by  rcloadinci  one  or  both  processors  from  an  off- 
line storage  device.  Operation  experience  with  stored-prograin 
systems  would  indicate  that  absolutely  no  assurances  can  be  given 
that  such  failures  can  be  sionif icantl y eliminated  by  means  other 
than  full  field  exoerience  with  this  system.  Unfortunately,  there 
does  not  appear  to  be  any  substitute  for  such  actual  field  exfjeri- 
ence  within  the  netv.’crk  environment  in  which  the  switch  is  to  ulti- 
mately operate  in  order  to  identify  and  remove  the  softv;ore  "bugs" 
from,  these  systems. 

It  is  important  to  recognize  that  the  off-line  storage  devices 
for  containing  both  the  basic  operating  program,  as  well  a number  of 
specialized  diagnostic  programs  held  in  off-line  storanc,  constitute 
the  major  source  of  limitations  on  the  humidity  boundaries  within 
which  the  system  can  effectively  cocrate.  It  also  has  a substan- 
tially eliminating  effect  upon  the  operating  temperatures,  but  not 
as  significantly  as  upon  the  humidity  specification  requirements  of 
the  switching  system. 
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VI 


ACilirVING  GIGMAI.LING  cor-’p;  TTPir.TTY 

Thin  ncction  v/iil  deal  v;ith  ti’P  rcnultn  of  the  survey  r.s  they 
apply  to  the  area  of  sietiallinn  hotti  at  the  sul)r.criber  level  and  at 
the  interoffice  level.  The  prohleinn  associated  with  atteriptino  to 
achieve  compat  i in  1 i ty  v;itii  tlie  wir’e  ranne  of  siqnallinn  systems 
indicated  to  be  of  interest  to  the  U.G.  military  v/ill  also  !>e  dis- 
cussed . 

A.  GPMrRAI.  niSCUPhlON  OF  SIGFAIJ.IVC 
1 . S i n n a 1 1 i n q Principles 

For  both  suhscril'er  lines  and  trunk  lines,  v/e  distinguish 
between  line  signalling,  consistinn  primarily  of  the  t ransin  i ss  i on  of 
on-hook  and  off-hook  status  information,  of  trunk  soi?;ure  from  one 
end  of  the  trunk,  and  acknowledgement  of  the  seizure  from  the  oppos- 
ing end  of  the  trunk.  Fecondly,  reoister  signalling  consisting 
primarily  of  the  capability  for  the  transmission  of  numerical  infor- 
mation in  either  direction,  or  in  b o t ii  directions  for  call 
es  tabl  i slir.ent , for  identification  of  the  calling  party,  or  toll 
messane  accountinn,  and  other  administrative  functions. 

In-Pand  and  Ou t_-po f -Hand  Pignallinq 

For  cither  line  signalling  or  register  signalling,  the  actual 
transmission  of  status  or  numeric  information  may  be  done  either 
within  or  outside  of  the  voice  frequency  hand  of  the  communication 
ciiannel.  In  the  United  Gtates  in-band  signalling  is  accomplished 
either  with  multiple  frequency  toll  signalling  for  toll  trunks,  or 
the  use  of  the  normal  "touch  tone"  dual  tone  mul ti frequency  signal- 
ling approach.  The  signals  utilized  for  toll  signalling  are  sub- 
stantially different  from  those  utilized  for  touch  tone  signalling, 
in  order  to  avoid  abuse  of  the  accounting  facilities  of  the  net- 
work. 

In  the  United  States,  both  line  and  trunk  signalling  at  the 
central  office  interface  are  normally  D.C.  signalling  approaches, 
for  all  lines  except  those  utilizing  carrier  systems.  Most  carrier 
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systems  in  fact  accept  such  D.C.  line  siqnalling  and  convert  these 
to  a different  in-band  or  out-band  siqnalling  format  for  use  v/ithin 
the  carrier  system.  Thus,  in  oencral  in  the  United  States  the  most 
frequent  form  of  line  signalling  is  almost  exclusively  DC  signalling 
with  E&M  or  loop  signalling  beinn  the  preferred  modes  of  D.C. 
signalling.  Ground  start  D.C.  siqnalling  is  comunonly  employed 
within  PABX  trunks.  Register  siqnalling  is  typically  transmitted 
either  with  D.C.  pulses,  as  on  rotary-dial  subscriber  ]ines,  or  in 
older  trunk  lines.  Alternatively,  the  signals  may  be  transmitted 
using  HP  techniaues  which  arc  always  in-band. 

In  Europe,  similar  techniques  are  employed  for  both  lino 
and  reaistor  signalling,  but  different  sets  of  frequencies  are 
employed.  A radical  difference  exists  betv/eon  the  standard  CCITT  R2 
and  Rl . The  R1  scheme  utilizes  in-band  line  and  register  signalling 
with  the  register  signalling  being  fiP  pulse,  whereas  the  R2  utilizes 
in-band  register  siqnalling  and  out-of-band  line  signalling,  with 
the  main  difference  really  being  the  sequence  of  events  which  must 
occur  in  establishing  the  call. 

In  general,  in-band  ME  or  DTPF  signallino  is  the  easiest  form 
to  handle  on  modern  electronic  switching  equipment  of  all  techno- 
logies, because  the  signal  can  be  conducted  through  any  portion  of 
the  matrix  to  necessary  receivers,  or  from  senders  without  further 
processing.  This  applies  to  both  toll  ME  and  DIME  signals.  All 
forms  of  D.C.  signalling  require  a significant  amount  of  peripheral 
subsystem  processing  prior  to  permitting  the  primiary  voice  signal 
path  to  be  established  to  any  portion  of  the  matrix.  These  peri- 
pheral subsystems  consist  primarily  of  relays  together  with  a scan- 
nino  mechanism  to  detect  a status  change  to  take  the  appropriate 
processing  action.  Thus,  the  use  of  full  electronic  switching 
systems  constitute  a major  change  in  the  way  in  which  D.C.  signal- 
ling systems  are  handled.  Even  in  SPC  reed  relay  systems,  D.C. 
signals  can  be  fed  through  initial  portions  of  the  matrix  for  decod- 
ing or  pass  through  to  subsequent  offices. 


The  use  of  CCIS  (Cor'.T'on  Channel  Interoffice  Signalling)  techni- 
ques involves  the  use  of  a separate  channel  for  siqnalling  between 
offices.  The  information  is  normally  transmitted  via  data  modems  in 
the  same  manner  as  would  bo  accomplished  between  any  standard  com- 
mercial computer  system. 


B.  PPORLF!'?'.  ARD  POSPIBILITY  IN  EXTPKDING  T!5E  PIGNALLIKG 
SYSTEMS  HANDI,ED  PY  ALL- CLFCTPON I C SWITCHING  SYSTEMS 

Tv;o  msjoi:  items  are  reouired  for  incorporating  a new  signalling 
system,  or  extending  the  roi'.gc  of  signalling  systems  which  a given 
all-electronic  switching  system  can  accept.  The  first  of  these  is 
an  appropriate  hardware  interface  which  will  recognize  the  incoming 
lino  and  register  signals,  and  allow  the  transmission  of  these 
signals  in  an  appropriate  form  to  an  outgoing  trunk  or  line.  Any 
out-of-band  signalling  of  either  tlie  MF  or  DC  type  forms  maist  be 
inserted  and  detected  directly  at  the  line  or  trunk  interface  with 
the  switching  system,  whereas  all  in-band  signalling  can  be  passed 
through  initial  stages  of  tho  switching  matrix  before  it  is  pro- 
cessed into  a standardized  form  or  sim.ply  transmitted  through 
the  matrix  entirely.  Hence,  to  handle  a nev;  signalling  system  from 
a hardv;are  viewpoint,  a relatively  simple  tone  receiver  and  trans- 
mitter in  the  case  of  in-band  signals  would  be  required,  connected 
to  the  core  on  the  matrix,  and  in  the  case  of  out-band  signals,  a 
different  type  of  relay  activation  may  bo  necessary,  to  connect 
an  out-band  signal  source  with  an  appropriate  driver  or  scanner. 

For  adding  CGIS  to  an  existing  switch,  an  additional  port  on 
the  common  control  computer  would  be  required  to  interface  with  a 
medium  speed  (typically  2400  bps)  modem. 

The  second  major  rocuirement  for  accommodating  a new  signalling 
system  to  an  existing  all-electronic  switch  is  to  provide  the 
necessary  software  interpretation  of  the  signal  sequence  as  receiv- 
ed, and  to  generate  the  necessary  signal  sequence  as  appropriate  for 
the  signalling  technique  utilized  on  the  outgoing  side  of  the 
switch.  Typically  a few  hundred  words  in  storage  might  be  required 
to  accomplish  this  for  both  the  incoming  and  outgoing  side.  Thus, 
in  very  general  terms,  tho  cost  associated  with  adding  a new  signal- 
ling system  to  an  existing  electronic  switching  system  would  involve 
an  additional  line/trunk  interface  card  which  might  cost  in  the 
range  of  $200  to  $300  per  line/trunk  adapted  to  accept  this  signal- 
ling system.  The  additional  m.emory  associated  with  the  processing 
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of  tho  signalling  sequcnco  is  also  required  v/hich  ipight  represent  on 
additional  400  to  500  sixteen  bit  words.  This  likely  costs  in  the 
range  of  $30  for  the  basic  chip,  plus  an  additional  $30  for  the 
associated  circuitry,  or  an  additional  $60  in  the  central  processor 
unit. 

Of  course,  the  central  processor  irust  be  capable  of  accepting 
this  additional  nemory  v/ithin  the  addressing  structure,  end  of  hav- 
ing adequate  processino  speed  to  deal  with  the  decoding  of  the 
specialized  signals.  However,  we  would  anticipate  little  problei? 
with  the  types  of  processors  typically  einployed  in  the  systems 
studied  in  this  survey. 
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C.  SUMMAF?Y  OF  SURVEY  RESULTS  CON'CERNIMG  SIGNALLING 

At  the  tine  this  analysis  was  concFucted,  we  had  received  I G 
conp.Ieted  questionnaires  froin  na  nu  fa  c t u r e rs  of  a 1 ] -e  ] ec  t ron  i c 
systems.  Presented  helov;  are  the  results  of  these  16  systems  sur- 
veyed . 


Local 

Siqnailinq  Technioues 

o 

D.C.  Dial  Sionallinq 

16 

Systems 

o 

Touch  Tone  Sionallinq 

16 

Systems 

o 

r.G.  Neon  Dial 

Si qnal 1 i nq 

0 

Systems  with  2 systems 
indicatinq  easily  imple- 
mented . 

o 

A.C.  rial  Sionallinq 

2 

Systems  v/ith  1 additional 
system  indicatinq  easily 
impl enented . 

o 

VF  2280  Hz  Sionallinq 

1 

System,  v/ith  one  additional 
system  easily  implemented. 

o 

VF  600/750  Kz 

1 

System,  with  one  additional 
system  easily  implemented. 

Interoffice  Sionallinq 

o 

CX 

6 

Systems 

o 

DX 

7 

Systems 

o 

Decad  ic 

10 

Systems 

o 

FS-M 

16 

Systems 

o 

Loop-Start 

16 

Systems 

o 

MF 

14 

Systems 

o 

MFC 

6 

Systems  with  1 additional 
system  easily  implemented. 

o 

SF-26nO  Hz 

5 

Systems 

o 

CCITT  44 

1 

System 

o 

CCITT  f5 

1 

System 

o 

CCITT  46 

1 

System 

o 

CCITT  47 

0 

Systems 

0 

PCM  T1 

4 

Systems 

o 

PCM  CFPT 

4 

Systems 
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I nto r f a c e W i th  Q MH?r_ Systems 


The  follov/ing  number  of  systems  included  in 


ability  currently  to  interface 

:ed  below: 

wi  th  the 

o 

AUTO VON 

5 

Systems 

o 

NATO 

4 

Systems 

0 

AN/TTC-38 

4 

Systems 

o 

AN/TTC-39 

3 

Systems 

o 

West  German  Public  Netv;ork 

6 

Systems 

o 

French  Public  Network 

6 

Systems 

o 

Belgium  Public  Network 

7 

Systems 

o 

Dutch  Public  Network 

7 

Systems 

the  survey  indicat- 
speciaiii:ed  systems 


In  response  to  the  question  included  in  the  survey  related  to 
international  direct  dialing,  almost  all  of  the  small  central  office 
systems  indicated  an  ability  to  accomplish  this.  However,  we  did 
not  ask  whether  the  necessary  sequence  of  signals  for  the  variety  of 
international  signalling  systems  could  be  generated.  Ke  believe 
that  the  responses  relate  only  to  the  ability  to  generate  the  long 
sequence  of  digits  required  for  international  dialing. 

Similarly,  for  those  PABX  systems  where  "direct  inward  dialing" 
is  indicated,  we  believe  that  the  suppliers  only  have  this  capa- 
bility in  those  countries  where  their  PABX  systems  are  being  active- 
ly marketed.  This  means  that  most  of  the  U.S.  suppliers  do  not 
likely  have  this  capability  in  Europe.  Several  suppliers  have  indi- 
cated that  they  have  the  technical  capability  for  such  interfacing, 
but  have  not  received  "type  approval"  for  such  operation. 
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ACHIEVING  HIGH  AVA lEAEI IJ TY 

The  purpose  of  this  chapter  is  to  discuss  the  various  means 
utilized  by  several  commercial  manuf acturcrs  to  achieve  high  avail- 
ability (and/or  reliability)  of  their  sv/itching  systems.  v;e  v,’ill 
also  discuss  seme  of  the  techniques  utilized  in  more  advanced 
military  system's,  and  those  being  considered  for  commercial  imple- 
mentation . 

A.  COMPONENTS 

The  type  of  components  utilized  in  commercial  system, s is  the 
plastic  encapsulated  LSI  technology,  with  the  exception  that  most 
truly  large  scale  integrated  circuitry,  particularly  from  memory, 
are  not  yet  available  in  plastic.  These  are  largely  provided  using 
a ceramic  packaging,  or  some  form,  of  hermetic  sealing.  In  general, 
plastic  encapsul at  ion  is  considered  to  be  somewhat  less  desirable 
from  the  point  of  view  of  use  at  elevated  temperatures,  but  nonethe- 
less, over  80%  of  all  components  delivered  are  of  the  plastic 
encapsul tated  from.  These  com.ponents  are  heavily  used  in  minicom,- 
puters,  such  as  the  PnP-8,  which  has  operated  successfully  in  huts 
near  railroad  tracks,  and  in  other  relatively  extreme  environments. 
Hov;ever,  the  PDP-8  uses  small-  and  medium-scale  integrated  cir- 
cuit configurations,  and  not  the  true  LSI  technology.  In  general,, 
the  very  large  LSI  is  available  and  utilized  in  new  telephone 
switches  and  is  largely  in  coram.ic  encapsulated  form. 

In  general,  these  commercial  systems  are  specified  to  operate 
in  the  range  of  0°  C to  50°  C with  the  ability  to  operate  beyond 
this  range  for  short  periods  of  time.  Ue  v/ere  unable,  however,  to 
obtain  more  detailed  information  as  to  how  long  they  could  operate 
outside  this  normal  temperature  range  without  adverse  effects.  The 
higher  the  packaging  density  within  the  system,  the  more  rapid  the 
heat  build-up  that  is  likely  to  be  experienced.  Here,  the  use  of 
multilayered  PC  boards  may  prove  a disadvantage  with  regards  to  per- 
mitting an  extended  range  of  external  operating  temperatures, 
because  of  its  much  higher  power  density  within  the  PC  board. 
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Several  of  the  manufacturers  indicated  that  they  could  easily 
substitute  ceramic  package  components  for  the  plastic  encapsulated 
components  which  v.’ould  not  impact  the  temperature  range  signifi- 
cantly. It  iniaht  tend  to  reduce  the  failure  rate  of  components  at 
elevated  temoeratures . This  action  v/ould  also  extend  the  humidity 
range  from  that  currently  quoted  by  most  commercial  equipment  manu- 
facturers of  20%  to  80%,  to  close  to  100%,  where  there  is  no  conden- 
sation. However,  other  components  would  likely  suffer  in  this  very 
high  humidity  environment  more  signi f icantl y than  the  semiconductor 
circuits.  Fungus  growth  on  connectors  would  be  one  problem,  if  an 
extended  period  of  higJi  humidity  w’ore  encountered.  Printed  circuit 
boards  might  also  have  to  be  coated  to  prevent  fungus  growth  to 
obtain  an  extended  humidity  specification. 

In  general,  attempting  to  extend  the  environmental  conditions 
for  commercial  systems  to  moot  full  military  specifications  typi- 
cally in  the  range  of  -55°  C to  70°  C for  external  temiper atu res 
is  likely  to  be  extremely  difficult  to  obtain  without  m.ajor  redesign 
of  these  systems.  However,  we  should  like  to  point  out  that  in 
general,  such  com.m,erci3lly  designed  systems  do  not  undergo  cata- 
strophic failure  at  elevated  temperatures,  but  rather  suffer  a sub- 
stantially increased  failure  rate  of  electronic  components. 
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B.  COMflON  CONTROLS 

The  cornnon  control  portion  of  Ev.’itchir.g  systems  is  the  portion 
most  significant  in  terms  of  its  impact  on  system  availability 
should  failure  occur.  Almost  all  commercial  systems  surveyed 
include  some  form  of  redundancy  in  the  common  control  section  of  the 
switching  system  (with  the  exception  of  some  very  small  PA.EX 
systems ) . 

In  general,  there  are  four  modes  in  which  redundancy  is  pro- 
vided in  the  com.mon  control  subsystem: 

o Synchronous  redundant  configurations , in  which 
two  processors  operate  in  parallel,  with  inter- 
mittent tests  being  run  to  determine  if  each 
processor  is  healthy.  This  also  com.pares  the 
outputs  of  each  processor  in  a dynamic  fashion 
to  determine  that  both  are  functioning  proDcrly. 

When  discrepancies  occur  on  the  output,  special 
diagnostic  programs  are  employed  to  determine 
which  processor  is  healthy,  and  the  output  of 
this  is  utilized  on  a continuing  basis  until 
repair  can  be  accomplished  on  a faulty  processor. 

A slight  variation  on  this  scheme  is  employed  in 
the  VIDAR  system,  in  which  tv;o  sets  of  synchro- 
nous redundant  computers  are  used,  one  set  of 
which  is  normally  assigned  to  central  office 
administrative  tasks,  whereas  the  second  set  is 
used  for  switching  applications.  When  the 
switching  pair  is  found  to  be  faulty,  the 
functional  assignm.ents  are  reversed,  and  the 
administrative  processor  pair  is  utilized  for 
the  switching  function.  This  is  a relatively 
unique  approach,  and  is  cost  effective  primarily 
because  the  relatively  inexpensive  INTEL  8080 
microprocessors  are  employed  in  this  system. 

o Load-sharino  conf  igurations , in  v;hich  incoming 
calls  or  other  switching  processing  functions 
are  assigned  to  the  processor  most  available  to 
accomplish  the  task.  Essentially  this  could  be 
vie:/ed  as  a random  assignment  of  workload  to 
the  processor  pair.  Periodic  tests  are  m.ade  of 
both  processors  to  determine  if  they  are  healthy, 
and  if  one  is  found  to  be  faulty  during  this  test 
cycle,  it  is  removed  from  service.  The  entire 
workload  is  them  given  to  the  remaining  processor 
until  such  time  as  the  faulty  processor  is 
repaired.  Typically,  ITT  is  the  only  m.ajor  manu- 
facturer which  takes  this  approach,  and  THOMSON 
CSF  which  is  based  on  basic  ITT  design  concepts. 
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o Multiprocessor  conf inuration , in  which  more 
than  a single  pair  of  processors  is  employed, 
with  a functional  srecie.l  izat ion  of  each  pro- 
cessor to  specific  sv;itching  tasks  as  they 
occur.  Periodic  test  cvcles  arc  run  on  each 
multiprocessor,  and  the  resui ts  are  used  to 
perform  one  of  two  processor  assignments: 

If  a synchronous  redundant  orocessor  is 
provided  with  each  multiprocessor  unit, 
the  alternate  processor  in  the  synchronous 
redundant  configuration  is  made  dominant. 

If  the  synchronous  redundant  processor  is 
already  found  to  be  faulty,  or  if  none  is 
provided  in  the  system,  a lower  priority 
computer  in  the  m.ultiprocessor  configuration 
is  assigned  to  the  higher  priority  switching 
task.  This  tends  to  give  "graceful  degrada- 
tion," and  ensures  the  high  priority  switch- 
ing task  can  always  be  accomplished. 

There  are  also  different  configurations  utilized 
in  the  main  memory  associated  with  the  common 
control  processors.  In  some  smaller  systems, 
duplicate  memory  is  provided  to  each  processor  in 
the  processor  pair.  In  larger  configurations, 
however,  normally  only  one  memory  system  is 
associated  with  each  processor.  In  general,  in 
these  larger  processors,  there  are  three  ways  in 
which  memory  reliability  (availability)  can  be 
enhanced : 

Error  correcting  bits  can  be  added  to  each 
word  of  storage,  to  permit  the  processor  to 
correct  m.ost  memory  errors  resulting  from 
memory  element  failure.  This  requires  inter- 
mittent test  of  the  memory  for  tad  chips,  in 
order  to  prevent  memory  failure  at  a later 
time  when  the  number  of  bad  bits  increases 
beyond  the  ability  of  the  error  correcting 
code  to  deal  with  it. 

Parity  bits  can  only  be  employed  with  each 
memory  word,  and  relatively  frequent  tests 
made  to  determine  if  memory  is  fully  opera- 
tional. If  a parity  bit  error  is  found,  an 
additional  memory  card  is  automatically 
switched  into  the  system,  and  the  program 
reloaded  into  this  memory  from  an  off-line 
storage  device,  and  the  processing  sequence 
continues.  This  is  said  to  take  about  the 
same  number  of  additional  memory  chips  as 
would  be  required  for  full  error  correction 
techniques  in  the  memory  itself. 


189 


Use  of  duplicated  memory  access  buses  is  being 
considered,  we  understand,  for  tJie  DMS  100 
system.  This  solution  may  be  desirable  because 
of  tlie  serious  impact  v;hich  bus  failure  would 
have  upon  overall  system  availability.  VJe 
believe  that  the  STF^OMBEKG-CARLSON  series  also 
includes  a duplicated  central  data  bus.  Most 
of  the  systems  surveyed  include  the  use  of  at 
least  a parity  bit  to  determine  memory  failure, 
but  several  of  these  systems  were  not  provided 
with  sufficient  detail  to  determine  how  this 
problem  was  solved  within  this  system.  The  trend 
in  the  memory  field  in  this  area  is  clearly  tovv’ard 
the  use  of  semiconductor  memory,  which  is  proving 
to  be  both  cheaper,  dissipates  less  power,  is 


faster  and  requires  less  space.  V\'e  have  learned 
that  TEXAS  INSTRUMENTS  typically  recommends  the 
use  of  a parity  bit  only  for  up  to  20K  words  of 
16-bits  each,  and  the  use  of  error  correcting 
codes  when  the  memory  size  exceeds  20K  16-bit 
words.  This  is  for  the  typical  minicomputer 
appl ication. 

o Hot  standby  configuration,  in  which  one  processor 
is  always  active,  and  the  second  is  constantly 
being  provided  with  input,  as  in  the  synchronous 
redundant  mode.  Periodic  tests  are  made  of  the 
computer  in  the  active  mode,  and  when  some  indi- 
cation of  failure  is  obtained  from  these  tests, 
active  control  is  passed  to  the  hot  standby  pro- 
cessor. Here,  the  outputs  of  both  computers  are 
not  constantly  being  compared.  Although  this  is 
a simple  and  effective  system,  calls  in  the  pro- 
cess of  being  set  up  or  released  are  lost,  but 
calls  in  the  talking  stage  are  not  lost. 

Most  systems  surveyed  include  some  form  of  replicated  inter- 
faces between  the  common  control,  and  the  switching  matrix.  In 
general,  the  off-line  essential  peripheral  equipment  for  program 
reload,  etc.  are  typically  duplicated  in  the  larger  configurations 
of  commercial  switching  systems.  This  would  certainly  be  recommend- 
ed for  military  application.  Typically,  a tape  cassette  is  utilized 
for  such  program  reloading  functions.  Tliere  appears  to  be  a clear 
trend  away  from  the  use  of  magnetic  drums  for  intermediate  program 
storage,  or  program  overlays,  particularly  among  North  American 
manufacturers. 
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C.  MATPIX  REDUNDANCY 


1 . Solid  Stete  Space  Division 

Such  ir.striy  syctcris  typically  include  some  built  in  redundancy,  ! 

as  well  as  the  ability  to  simply  bypass  cresspoints  which  are  found  i 

to  be  defective  through  diagnostic  analysis.  Such  systems  can  | 

employ  a map  in  memory,  with  off  peak  period  diagnostic  programs  | 

being  run  to  identify  faulty  crosspoints.  These  are  then  identified  | 

in  the  map  to  avoid  their  use  in  making  connections  through  the  i 

matrix.  Neither  the  GTE  ETSS  nor  the  ITT  TCS2  emiploys  a duplicated 
matrix.  In  general,  we  would  not  anticipate  that  matrix  systems  of 

this  technology  will  use  a duplicated  matrix  configuration. 

2 . Pulse  Amplitude  Modulated  Systems 

Typically,  this  type  of  system  provides  a fully  duplicated 
matrix  configuration  in  the  larger  size  classes.  In  smaller  con- 
figurations, since  a matrix  failure  typically  affects  only  one  sub- 
scriber, a fully  duplicated  matrix  is  not  provided. 

3 . PCM  Switching  Matrices 

In  general,  PCM  switching  matrices  are  not  fully  duplicated 
among  the  systems  surveyed.  Rather,  there  tends  to  be  selective  and 
differing  redundant  portions  of  the  switching  matrix,  or  access  to 
the  matrix  provided.  The  DMS  100  system  provides  a redundant  path 
between  the  time  and  space  division  portions  of  the  matrix,  as  well 
as  between  the  subscriber  termination  and  the  first  stage  of  the 
time  division  matrix  (entrance  port) . In  the  WESCOM  system,  four 
blocks  of  switching  matrix  are  provided  with  one  spare  block  pro- 
vided which  can  be  automatically  switched  in  if  a faulty  block  is 
found.  Since  this  switch  is  a full  time  division  switch,  this  con- 
cept is  easier  to  employ  than  in  a time-space-time  matrix  config- 
uration. 

One  concept  employed  in  the  NORTH  ELECTRIC  DSS-1,  is  that  in 
effect  two  switching  matrices  are  provided,  each  with  roughtly  50% 
of  the  maximum  traffic  handling  capacity  of  the  system.  Calls  can 
be  selectively  routed  through  these  two  matrices  by  the  common 
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control  such  as  to  allow  degraded  service  should  one  entire  matrix 
fail.  This  is  similar  to  the  load  sharing  concepts  in  common  con- 


i 

n 


trol  utilized  by  ITT.  This  means  that  in  military  applications,, 
high  priority  traffic  could  always  bo  handled  in  the  case  of  the 
single  matrix  failure.  Thus,  with  the  NORTH  ELECTRIC  concept,  no 
single  subscriber  would  be  affected  by  failure  of  one  of  the 
matrices.  The  STROflDERG-CAELSON  DCO  system  uses  a fully  duplicated 
switching  network.  A special  switch-over  control,  under  supervision 
of  a special  main  terminal  processor,  selects  one  matrix  and  one 
of  the  two  call  processors  for  call  handling.  In  case  of  failure, 
operation  is  converted  to  the  standby  system..  In  contrast,  almost 
all  other  PCM  switches,  with  the  possible  exception  of  the  NORTHERN 
TELECOM  DMS-10,  a matrix  failure  would  likely  give  rise  to  an 
entire  set  of  subscribers  served  by  a T1  group  to  be  lost. 

It  should  be  recognized  that  the  reason  why  a number  of  the 
North  American  manufacturers  providing  essentially  tandem  sv/itching 
eouipraent,  have  not  provided  a greater  degree  of  duplication  of  the 
switching  matrix.  This  is  that  typically  multiple  appearances  from 
each  remote  central  office  are  available  on  different  Tl  lines  into 


D.  LINE/TRUNK  CIRCUITS 


In  almost  all  of  the  systems  surveyed,  there  is  no  built  in 
redundancy  in  the  subscriber  line  circuit  side  of  the  switching 
system.  One  concept,  which  is  reported  to  be  under  consideration 
for  the  DMS-ICO  system,  is  that  of  permitting,  under  automatic 
control,  one  subscriber  line  card  to  be  taken  out  of  service,  and 
another  spare  line  card  inserted  by  routing  the  subscriber  over  the 
test  bus  to  that  card.  This  permits  the  subscriber  to  have  con- 
tinued service,  but  inhibits  testing  during  this  interim  fault  set- 
up approach. 

As  best  we  could  discover  from  the  scant  literature  on  this 
subject,  all  of  the  system.s  in  this  survey  did  not  provide  for  a 
duplication  or  replication  of  the  trunk  interface  circuit.  This  is 
explained  by  the  fact  that  typically  more  than  one  trunk  route  is 
provided,  and  these  are  normally  provide^  on  different  T1  or  CEPT 
carrier  systems.  If  a single  trunk  is  out,  an  alternate  route  is 
available  to  the  same  termination.  It  should  be  pointed  out,  how- 
ever, that  the  trunk  interface  to  a digital  carrier  system  is 
extremely  simple,  and  would  have  a much  higher  reliability  than  the 
very  complex  subscriber  line  interface  to  a PAM  or  PCM  switching 
matrix.  Similarly,  on  the  subscriber  line  interface  side  of  a solid 
state  analog  switch,  the  circuit  is  extremely  simple,  and  would  have 
a relatively  high  reliability  and,  hence,  would  not  likely  require 
dupl ication. 
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R.  POWER  SUPPLY 

Nearly  all  of  the  systenn  surveyed  utilize  a <18  volt  power 
supply,  nost  with  multiple  P.C./D.C.  convertors  to  serve  major  suh- 
systens  of  the  switch  itself.  If  not  basically  operating  at  48 
volts,  typically  a 4B  volt  option  is  provided  for  the  system. 
Several  of  the  U.S.  suppliers  such  as  ROLM,  WESTERN  Er,RCTRIC, 
SIEMENS  and  CHESTEL  utilize  110  volt  or  240  A.C.  primary  pov;er. 
These  systems  could  not  directly  utilize  a 4?  volt  D.C.  battery 
system  for  back-up  power,  but  an  uninterrupted  pov.'er  supply  of  the 
type  normally  used  with  computer  systems  could  he  employed  to  ensure 
continued  operation  during  power  outages. 

Since  most  of  the  logic  for  modern  electronic  systems  operates 
in  the  range  of  5 to  15  volts  D.C.,  all  of  the  systems  operating 
from  a 4p  volt  battery  or  from  110  A.C.  v;ould  likely  require  some 
form  of  duplication  of  tiie  basic  internal  po\;er  supply  operating  in 
this  range.  Unfortunately,  the  literature  and  information  obtained 
from  manufacturers  doer  not  clearly  del ineate  the  extent  to  which 
such  internal  pov/er  supplies  are  duplicated.  It  is  also  not  clear 
as  to  single  component  failure  on  system  performance.  Such  uninter- 
rupted power  supplies  are  relatively  compact  and  inexpensive, 
because  of  their  volume  use  with  commercial  computer  system. 


F.  HEAT  DISSIPATION 


There  is  a considerable  amount  of  differing  opinions  in  the 
switching  manufacturing  segment  relating  to  the  means  by  which  heat 
should  be  dissipated  from  the  electronic  equipment  of  modern  switch- 
ing systems.  Early  PCM  digital  sv/itching  systems  used  fans  through- 
out the  entire  switch.  Currently,  only  one  firm,  ROLM,  of  the  firms 
surveyed  in  this  study,  used  fans  for  the  entire  switch.  The 
remainder  of  the  firms  used  fans  only  in  the  common  control  section, 
typically  integrated  with  the  minicomputer/microprocessors  as 
supplied  by  the  computer  manufacturer.  These  are  typically  A.C. 
fans. 

A.C.  fans  utilizing  induction  motors  are  highly  reliable,  but 
are  subject  to  interruption  when  A.C.  power  is  lost,  and  are  not 
easily  supplied  from  48  volt  D.C.  power  sources.  In  contrast,  D.C. 
fans  conventionally  utilize  brush-type  motors,  which  are  subject  to 
substantial  wear,  and  generate  voltage  spikes,  etc.  v/hich  are  unde- 
sirable in  a digital  switching  system.  On  the  other  hand,  D.C. 
motors  can  easily  be  run  from  the  48  volt  power  supply  typically 
associated  with  small  switching  systems.  VJe  understand  that  there 
is  a new  brushless  D.C.  motor  which  is  substantially  more  expensive, 
but  would  clearly  be  more  reliable  and  not  subject  to  power  inter- 
ruptions from  loss  of  A.C.  power  supply. 

It  is  interesting  to  note  that  NORTH  ELECTRIC  docs  not  use  any 
fans  in  the  DSS-1  system.  However,  the  maximum  ambient  temperature 
allowed  is  50°  C. 

We  v;ould  conclude  that  for  the  size  range  of  switch  being  con- 
sidered in  this  study,  that  the  use  of  a few  fans  either  of  the  D.C. 
brushless,  or  the  A.C.  synchronous  type  would  not  be  a significant 
contributor  to  either  power  consumption  or  to  the  reliability  of 
this  system.  Clearly  for  all  of  these  systems,  either  air  exchange 
fans,  or  air  conditioning  would  be  required  for  van-housing  of  the 
system  for  military  field  applications. 
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G.  SOFTWARE  RELIABILITY 


The  major  source  of  failures  and  faults  in  modern  electronic 
switching  systems  still  proves  to  be  the  software  associated  with 
the  common  control  section  of  the  system.  This  is  a general  state- 
ment which  applies  to  larger  central  office  switching  systems,  but 
may  not  apply  to  the  smaller  PC^5  systems  with  a very  limited  set  of 
subscriber  features.  Insufficient  experience  has  been  obtained  with 
this  class  of  equipment,  or  at  least  insufficient  experience  report- 
ed in  the  technical  journals  to  draw  the  same  conclusion  for  this 
class  of  equipment.  However,  software  errors  are  still  likely  to  be 
a major  source  of  system  unreliability  v/ithin  even  the  smaller 
system  configurations.  This  will  particularly  be  true  if  the  large 
range  of  military  subscriber  features  are  provided. 

We  should  like  to  point  out  that  software  failures  are  most 
likely  to  cause  short  term  total  system  downtime,  as  contrasted  to 
any  single  hardware  error.  Most  systems,  when  encountering  a major 
software  fault,  reload  the  basic  operating  system  into  the  computer 
from  off-line  storage,  typically  losing  calls  being  set  up  or 
knocked  down.  Although  our  survey  indicated  the  m.anu factur er ' s 
anticipated  unavailability  of  the  system  in  the  range  of  one  hour 
per  20  to  40  years,  we  have  serious  doubts  that  any  manufacturer  in 
the  world  is  yet  close  to  achieving  such  a statistic  because  of 
software  problems  in  the  system.  This  strongly  suggests  that  for 
military  applications,  to  achieve  increased  overall  system  avail- 
ability, one  of  the  following  three  major  actions  would  appear  to  be 
most  feasible: 

o Utilize  the  basic  software  fully  field  proven 
in  commercial  or  military  applications  for  a 
substantial  period  of  time  (minimum  18  months) . 

o Minimize  the  size  and  complexity  of  the  software, 
by  minimizing  special  subscriber  features,  alter- 
nate routing  options,  etc. 

o Assume  that  a test  period  of  18  m.onths  to  two 
years  be  employed  on  any  new  system  brought  into 
the  military  inventory,  which  has  not  been  fully 
commercially  tested  for  at  least  that  length  of 
time.  This  would  substantially  delay  the  intro- 
duction of  systems  into  the  military  inventory, 
but  is  one  of  the  few  means  by  which  software 
assurance  can  be  provided. 
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One  can  well  question,  in  the  light  of  the  software  error 
statistics  which  have  been  made  available  to  Dittberner  Associates 
during  the  course  of  our  PROJECT  EES  program,  as  to  whether  it  is 
really  worthwhile  to  make  major  investments  in  "militarizing" 
switching  systems.  This  is  true  when  the  miajor  source  of  error  in 
ell  of  these  systems  remains  software  problems — at  least  through  the 
first  two  to  three  years  of  system  life.  It  should  also  be  noted 
that  in  the  development  of  a modern  electronic  switching  system  that 
at  least  60%  of  the  total  development  costs  are  typically  devoted  to 
software  by  the  major  manufacturers.  In  a switching  system  incor- 
porating military  subscriber  features,  the  softv^are  costs  are  likely 
to  be  in  the  range  of  70%  to  80%  of  the  total  development  costs. 

The  huge  amount  of  software  investm:ent  associated  with  any  new 
switching  system,  and  particularly  that  of  a military-oriented 
switching  system,  is  extremely  large.  It  constitutes  a major 
portion  of  the  actual  procurement  price  of  such  systems  well  into 
the  overall  life  of  the  system  concept.  We,  therefore,  would 
strongly  recommend  that  the  fewest  possible  num.ber  of  different 
development  programs  be  undertaken.  Additionally,  we  recommend  that 
significant  savinas  could  be  achieved  by  minimizing  the  num.ber  of 
different  commercial  switches  which  might  be  introduced  into  the 
military  inventory  with  specialized  military  subscriber  features. 
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VIII 


SYSTFM  COST  TRENDS 

The  basis  for  the  information  is  tho  Dittbernor  Associates' 
PROJECT  RSR,  A Teclinology  and  Management  Assessment  of  Electronic 
Switching  Systems,  study  program.  The  information  v.’as  compeled  from 
a careful  study  of  tho  hardware  design  principles  of  a typical 
central  office  of  either  solid  state  analog  space  division  tech- 
nology or  PCM  tine  division  technology.  The  study  includes  a level 
of  detail  down  to  the  component  level.  Then,  tiie  anticipated 
technology  and  cost  trends  for  electronic  components  and  tcchnolooy 
in  general  were  applied  to  the  initial  cost  of  an  office  using  each 
of  the  tv.'o  technologies.  Thus,  a forecast  of  the  iiarriware  cost  for 
a typical  solid  state  analog  local  switcli  of  10,000  lines,  as  v;ell 
as  PCM  local  switches  of  5,000  and  10,000  lines  each,  was  com- 
piled. 

Software  costs  are  based  on  actual  figures  for  program  package 
sizes,  as  well  as  productivity  of  programmers.  Calculation  of  the 
cost  per  system  sold  is  based  on  realistic  assumptions  about  tlie 
typical  market  achieved  by  a single  product  program. 

PAM  and  Pt’M  technology  was  not  included  in  the  PROJECT  ESS 
study  program.  However,  it  is  expected  that  the  cost  of  PAM  and 
PV'M  time  division  sv;itches  will  be  equal  to  PCM  switches  of  the 
same  size  in  the  long  run.  Subscriber  lino  interfaces  for  either 
PAM  or  PWM  time  division  are  generally  assumed  to  cost  less  than  PCM 
subscriber  line  circuits.  Hov/ever,  this  difference  is  larnely 
due  to  the  assumed  lesser  per  line  cost  of  a PAM  or  PWM  modulator 
and  demodulator,  as  compared  with  a fully  equipped  PCM  CODEC.  A 
tine-shared  CODEC,  which  has  the  capability  to  convert  ?<!  or  30 
PAM  channels  into  PCM  and  back,  costs  per  channel  as  of  today.  A 
single  channel  PCM  CODEC  in  LSI  technology  is  becoming  available 
at  $7  in  larger  quantities  right  now.  Therefore,  there  is  not  much 
room  for  savings  by  using  a slightly  less  complex  PAM  or  PWM  mod- 
ule to  r/demodulator . 
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E V'Jhilc  the  sv/itchino  network  for  a tiinc  division  PWM  systen  con 

t be  expected  to  be  in  the  sajp.e  cost  range  as  a switching  network  for 

H PCM,  a time  division  PAM  switching  network  night  cost  slightly  more. 

IThis  is  because  tiino  switched  analog  crosspcints  have  to  be  used  as 

compared  with  logic  gates  in  the  cost  of  PCM. 


Initial  Proctirenent  Cost  Trends  in  Electronic 
Switching  Systems 


From  the  results  of  the  proprietary  study  of  long  range 
trends  in  electronic  switching  systems  conducted  by  Dittberner 
Associates,  Inc. , we  present  below  a nonproprietary  summary  of  long- 
range  cost  trends,  as  they  relate  to  this  study  program.. 

o Integrated  circuit  analog  netV70ck  eouipped 

stored  program  controlled  switching  systems  in 
the  range  of  10,000  subscriber  lines  ate  expect- 
ed to  cost  roiighly  $300  ner  iinc  as  the  initial 
procurer, ent  cost  to  a typical  telephone  oper- 
atino  com, p any  in  the  country  of  origin  in  1976. 

By  1980,  in  current  U.S.  collars,  this  price 
would  be  reduced  to  approximately  $286  per  line. 

By  1985,  this  price  is  expected  to  be  reduced  by 

an  additional  .1.0%  and  by  1990  by  an  additional  ; 

5% — here  measured  in  constant  1980  U.S.  dollars. 

o A similar  stored  program  controlled  central 

office  with  a digital  switching  network  capable 
of  handling  10,000  subscribers  would  have  a 
sales  price  in  the  country  of  origin  to  a typi- 
cal operating  company  of  slighly  over  U.S. $300 
per  line,  decreasing  to  approximately  $250  per 
per  line  by  1980.  This  is  expected  to  further 

decrease  by  more  than  10%  in  1985,  and  by  an  , 

additional  10%  in  1990 — measured  in  constant 
1980  U.S.  dollars. 
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For  a 5,000  line  stored  proorar.  r.>r‘r 
djqital  local  office,  the  cost  j r ' 
substantially  less  than  that  for 
line  office,  and  the  cost  in  IS'fO 
to  be  in  the  range  of  OO-OSS  of  t)if- 
measured  in  1980  constant  U.F.doll-'i 
1978,  the  cost  of  a small  dieital  ■ 
to  a typical  teleph.one  conpa'  ■'  v.  i 1 ^ ‘ 

that  of  an  eauivalent  crossbar  elect r 
sv7itchinq  system. 


By  1990,  the  small  diqital  local  o^'"' 
have  a realistic  initial  procurenert 
some  30-35%  less  than  that  of  a typi' 
programmed  reed  relay  (electronechan 
central  office. 


NOTE:  Detailed  proprietary  data  removed  prior  t 

finalization  to  permit  broad  d i st  r i but  i f >■ 
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COST  IMPLICATIONS  OF  MEETING  OUASI-HI LITARY 

SPECIFICATIONS 

A.  COST  IMPLICATIONS  OF  SPECIAL  INTERFACES  FOP  DATA 

1 . Solid  State  Space  Division  Switches 

Solid  state  space  division  switches  have  the  inherent  capa- 
bility to  be  transparent  to  data  of  up  to  at  least  64  kilobits  per 
second.  The  line  and  trunk  interfaces  used  for  telephony  purposes, 
however,  contain  a voice  grade  transformer  to  isolate  the  line 
voltages  (battery  and  ringing)  from  the  solid  state  crosspoints.  A 
special  data  interface  would  have  to  use  a specially  designed  trans- 
former plus  special  arrangements  for  signalling  and  supervision.  We 
anticipate  that  such  an  interface  would  cost  $10  more  than  the 
standard  telephony  interface,  if  manufactured  in  the  same 
quantities.  Depending  on  the  transmission  mode  used  on  the  lino 
(usually  a four-v/ire  loop) , additional  interfacing  is  required. 
Here,  the  same  considerations  apply  which  are  given  under  the  head- 
ing "Line  Mode  Interface"  in  the  following  section  5. 

2 . PCM  Switches 

For  data  transmission  (we  include  CVSD  in  the  general  defini- 
tion of  data  transmission),  PCM  switches  seem  to  have  two  prereq- 
uisites; they  are  already  digital  and  they  are  always  of  a four- 
wire  design  internally.  On  the  negative  side,  they  use  a fixed  data 
speed  of  64  Kbps  for  each  voice  channel  and  there  are  usually  no 
interfaces  for  individual  64  Kbps  voice  channels  available  with 
commercial  switches. 

3 . Operating  at  Reduced  Clock  Rate  to  Accommodate  CVSD 

It  appears  to  be  relatively  easy  to  reduce  the  internal  clock 
rate  of  a PCM  switch  in  order  to  allow  either  32  or  16  Kbps  and 
voice  channel.  Thus,  CVSD  could  be  used  instead  of  PCM,  provided 
that  the  right  type  of  line  interface  is  available.  Such  a reduc- 
tion of  speed,  however,  does  not  provide  any  real  advantages.  It 
reduces  the  available  bandwidth  per  voice  channel  in  order  to  accom- 
modate CVSD,  but  no  benefit  in  increased  numbers  of  channels  is 
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derived.  Further,  it  might  prove  to  be  difficult  to  change  the  rate 
of  the  clock  because  other  system  components  rely  on  the  clock  rate. 

It  appears  to  be  much  easier  to  use  only  four  or  two  bits  of 
the  eight  bit  PCM  word  for  the  CVSD  bit  stream.  The  required  syn- 
chronous bit  stuffing  can  be  implemented  in  the  interface  at  almost 
no  cost  at  all.  However,  reduced  clock  rates  might  be  a solution  if 
a special  CVSD  matrix  is  to  be  designed. 

4 • Interfaces  for  Commercial  PCM  Switches 

For  the  purpose  of  this  study,  we  assume  that  a synchronous 
data  (or  CVSD)  subscriber  has  to  be  accommodated,  with  data  speeds 
of  up  to  64  kilobits.  Lower  speeds  in  a rational  relationship  to  64 
Kbps  will  allow  synchronous  bit  stuffing.  In  order  to  allow  syn- 
chronization of  the  subscriber,  we  assume  a line  mode  (for  example, 
diphase)  which  carries  the  bit  clock  to  the  subscriber.  This  will 
enable  the  subscriber  to  restore  the  original  clock  signal  and  to 
use  it  as  a transmit  clock.  We  further  assume  a suitable  frame 
format  for  word-oriented  transmission  (not  usually  required  for  bit- 
oriented  data  as  CVSD).  Further,  we  assume  that  the  interface  at 
the  switch  will  fit  any  data  which  arrives  at  less  than  64  Kbps  into 
the  internal  PCM  bit  stream  and  will  only  transmit  the  essential 
bits  to  the  other  party.  We  further  assume  that  a suitable  digital 
signalling  code  bo  used  between  the  subscriber  and  the  switch  to 
indicate  on/off  hook  conditions,  busy  signals,  as  well  as  to  trans- 
mit the  dialing  information  to  the  switch.  NOTE ; The  signalling 
concept  becomes  much  easier  if  a "PCM  subscriber"  is  assumed.  In 
this  case,  the  CODEC  and  associated  circuitry  would  be  placed  in  the 
telephone  instrument.  The  data  loop  and  everything  else  then 
becomes  transparent  for  DTMF,  as  well  as  for  busy  and  dial  tones. 
Only  ringing  has  to  be  transmitted  in  some  acceptable  way  to  the 
subscriber. 


In  the  following,  we  will  consider  the  design  and  cost  aspects 
of  the  main  parts  of  such  a digital  interface. 
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Line  Mode  Interface 


Digital  signals  have  to  be  transmitted  in  a suitable  "base 
band"  line  mode.  There  are  dozens  of  knov/n  schemes  for  this  pur- 
pose. The  diphase  scheme  is  am.onq  the  simpler  ones  and  serves  the 
additional  purpose  of  continuously  transmitting  a clock  signal  to 
the  other  end,  even  if  no  data  are  transmitted.  Complexity  of  such 
a circuit  depends  on  the  complexity  of  the  signal  recovery  cir- 
cuitry, which  determines  the  maximum  distance  such  units  can  com- 
municate with  each  other  on  two  normal  twisted  pairs  of  wire.  There 
has  to  be  an  equivalent  unit  at  the  subscriber  end  of  the  line. 

Diphase  data  transmission  involves  the  use  of  base-base  A.C. 
techniques,  with  basically  a pulse-width  approach  utilized  to  indi- 
cate the  presence  or  absence  of  a "1"  bit  during  a fixed  sampling 
interval.  This  digital  transmission  mode  does  not  contain  any  D.C. 
component — although  it  is  often  considered  as  a type  of  "telegraph" 
technique. 

A simple  diphase  interface  for  a four-wire  loop  would  allow 
communication  of  over  6,000  feet  at  64  Kbps.  A more  complex  one 
could  be  used  for  up  to  several  miles.  Both  have  to  include  the 
necessary  circuits  for  overvoltage  protection.  VJe  assume  that  manu- 
facturing cost  for  the  simple  interface  would  be  $100  to  $180  for 
the  complex  one.  Development  cost  could  run  up  to  about  $10,000  for 
the  simple  one  and  several  times  as  much  for  the  complex  circuit, 
unless  applicable  experience  is  available.  Manufacturing  cost  may 
be  expected  to  come  down,  if  the  volume  warrants  specially  designed 
integrated  circuits. 

6.  Dig^ital  Interface  to  the  Switch 


In  a normal  PCM  subscriber  circuit,  the  CODEC  (assuming  that 
one  CODEC  per  line  is  used;  has  two  separate,  buffered  eight-bit 
interfaces  on  its  digital  side;  one  for  transmission  of  encoded 
data  and  one  for  reception  of  data  to  be  decoded.  Additional 
signals  control  all  the  necessary  sequences.  It  appears  that  a 
usual  USART  (a  standard  LSI  circuit,  performing  the  function  of  a 
Universal  Synchronous/Asynchronous  Receiver/Transmitter)  has  very 
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sinilar  parallel  data  interfaces  and  may  be  relatively  easily 
adapted  for  our  purpose  to  convert  data  between  serial  and  parallel 
format.  It  is  likely,  however,  that  some  kind  of  additional  buffer- 
ing may  be  required.  Mere  also  off-the-shelf  LSI  circuits  can  be 
used,  namely  the  type  called  a "First  In/First  Out"  or  FIFO  memory. 
This  is  a LSI  memory,  which  com.es  in  modular  units  and  v/hich  has  on- 
chip  control  to  interface  with  MARTS  and  related  components.  Quite 
a number  of  logic  functions  are  required  to  interface  between  the 
digital  signalling  used  on  the  subscriber  loop  and  the  line  super- 
vision circuitry  (scanners  and  drivers)  of  the  PCM  sv;itch.  In  addi- 
tion, removal  and  insertion  of  framing  bits,  synchronous  bit  stuff- 
ing and  similar  tasks  are  required.  Further,  it  might  be  desirable 
to  be  able  to  change  the  data  transmission  speed  of  the  interface 
either  by  setting  a switch  manually,  or  even  under  control  of  the 
common  control  processor  of  the  sv;itch.  All  of  these  functions 
could  easily  be  performed  by  an  inexpensive  one-  or  two-chip  micro- 
processor. The  necessary  programs  v;ould  be  implemented  in  the  ROM 
which  is  part  of  the  chip  or  chip  set.  There  arc  also  various  LSI 
circuits  available  which  allow  qeneration  of  all  standard  trans- 
mission clocks  for  data  com.municati  on  applications  for  a standard 
fixed  clock  and  permit  the  change  of  the  speed  under  control  from  a 
microprocessor.  We  assume  the  following  cost  breakdown  for  such  an 
interface: 


COMPONENTS 

LSI  elements,  incl.  of 
microprocessor  and  ROM 

Other  components,  inclusive 
of  I.C. 's 

Components  for  that  part 
of  the  interface  which  is 
identical  with  a section  of 
the  voice  type  of  subscriber 
circuit 


PRICE  RANGE 
$40  to  $80 

$30  to  $60 

$20  to  $30 


Total  Components  $90  to  $170 

Interface  packaging  and  $120  to  $250 

assembly  cost:  assembly 

cost,  inclusive  of  testing  

Total  Cost  of  One  $210  to  $420 

Interface: 
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P To  this  amount,  the  cost  of  the  diphase  interface  has  to  be 

1:  added.  However,  the  digital  interface  just  described  could  be  manu- 

^ factored  for  less  cost  if  the  expected  volume  would  justify  design 

i of  special  LSI  circuits.  Also,  an  interface  just  for  a digital  PCM 

telephone  instrument  would  be  less  expensive,  because  only  one  data 
' speed  is  involved  and  no  special  signalling,  except  for  ringing. 

Similar  simplifications  are  to  be  expected  for  an  interface  which 
j accepts  CVSD  only.  On  the  other  side,  a data  interface  similar  to 

i those  usually  found  on  data  switches,  and  which  can  perform  "hand- 

i shake"  routines  of  varying  complexity  and  re-format  data  streams 

will  be  considerably  more  complex  and  costly. 

Development  cost  of  such  an  interface  should  be  in  the  range  of 
$60,000  to  $100,000,  depending  on  the  complexity  and  the  amount  of 
software  programm.ing  involved. 
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PROPOSED  AREAS  FOR  ADDITIONAL  STUDY 

The  following  areas  that  require  significant  additional 
study  effort  have  been  identified. 

A.  CVSD  MULTIPLEXING  AND  INTERFACE  TO  PCM 

The  questions  involved  in  the  handling  of  continuously  variable 
slope  delta  modulated  voice  signals  requires  additional  study  to 
determine  how  this  can  be  effectively  handled  with  the  more  advanced 
PAM  and  PCM  systems.  Further,  the  question  as  to  how  such  transmis- 
sion techniques  can  be  provided  with  a conferencing  capability  also 
requires  additional  effort.  Currently  the  only  digital-level  con- 
ferencing systems  for  CVSD  in  the  United  States  are  being  developed 
by  Collins  and  Motorola.  Some  equipment  for  interface  between  CVSD 
and  PCM  transmission  techniques  is,  we  understand,  being  developed 
at  the  Rome  Air  Development  Center  (on  a per  channel  basis,  not 
multiplexed) . 

It  appears  that  an  effort  in  the  range  of  20  to  30  mandays  may 
be  required  to  obtain  an  adequate  overview  of  this  problem. 

B.  COST  ANALYSIS  OF  HIGH  SPEED  DATA  TRANSMISSION  THROUGH 

PCM  SWITCHES 

Substantial  additional  effort  should  be  exerted  in  deter- 
mining the  technical  approach  and  rough  cost  associated  with 
the  handling  of  CVSD  data  streams,  64  kilobit  data  streams  and 
lower  speed  data  streams  through  a PCM  switching  system.  The 
problems  associated  with  synchronization  of  such  data  streams, 
the  general  approach  to  bit  stuffing  techniques,  and  the  general 
design  problems  of  the  line  interface  to  permit  such  data  streams  to 
be  passed  effectively  through  the  PCM  switch  should  be  invest- 
igated . 

We  estimate  that  the  effort  required  to  address  this  area 
would  be  in  the  range  of  20  to  25  man-days.  This  would  provide 
a rough  analysis  of  the  general  and  cross- technical  approaches 
which  would  prove  feasible. 
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c . SURVEY  OF  ACHIEVED  RELIABILITY  IN  SHALL  SWITCHING 

SYSTEMS 

This  survey  effort  did  not  include  a gathering  of  achieved 
reliability  information  from  users  of  all  electronic  switching 
systems  in  the  size  range  100  to  5,000  lines.  We  believe  that 
an  effort  specifically  dedicated  to  this  purpose  would  prove  most 
useful  to  the  Department  of  Defense,  and  we  recommend  that  it  be 
undertaken.  Stres  should  be  placed  on  gathering  this  information 
directly  from  the  end  user  v/here  possible,  rather  than  from  the 
manufacturer . 

We  estimate  that  this  effort  would  require  in  the  range  of 
15  to  20  man-days. 

D.  CONCEPT  STUDY  IN  INTEGRATED  SWITCHING  AND  TRANSMISSION 

FOR  MILITARY  APPLICATIONS 

We  believe  it  could  be  most  valuable  to  the  Department  of 
Defense  to  have  an  independent  concept  study  of  feasible  approaches 
at  integrated  digital  switching  and  transmission  facilities  within 
the  military  establishment,  particularly  considered  to  be  an  exten- 
sion of  the  current  survey  effort  where  various  economic  trade-off 
studies  could  be  undertaken.  This  particularly  relates  to  the 
bandwith  requirements  for  normal  commercial  PCM  versus  those  for  the 
various  nonlinear  delta  modulation  approaches  currently  being 
developed  or  deployed  by  the  U.S.  military.  Unlike  some  of.  the 
studies  being  undertaken  by  the  Defense  Communications  Agency,  we 
propose  that  such  a effort  would  be  based  upon  feasible  approaches 
to  be  taken  during  the  next  five  years.  It  should  specifically 
address  the  question  of  integration  of  military  systems  with  both 
commercial  telephone  systems,  and  with  commercial  PCM  carrier  and 
PCM  switching  equipment  available  within  that  time  frame.  A more 
in-depth  review  would  be  made  of  the  concepts  for  dynamic  allocation 
of  bandwith  between  voice  and  data  requirements  (RCA-DCA  concept) 
and  an  evaluation  undertaken  of  the  possibility  of  adapting  commer- 
cial equipment  to  meet  this  general  requirement  versus  the 
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embodiment  of  the  fully  integrated  voice  and  data  switching  concept 
now  being  explored  by  RCA.  Here,  the  objective  would  be  to  deter- 
mine whether  or  not  the  general  developmental  effort,  if  brought  to 
completion  and  fabrication  v;ould  be  cost  effective  even  within  the 
same  order  of  magnitude  as  some  acceptable  solution  to  the  need 
utilizing  commercially  developed  approaches. 

This  effort  would  likely  be  sizeable.  We  doubt  if  little 
meaningful  results  could  be  developed  for  an  investment  of  less 
than  40  to  60  man-days.  Clearly  an  effort  of  this  nature  could 
be  extended  into  several  man-years  if  a really  comprehensive  study 
this  nature  were  to  be  undertaken. 
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GLOSSARY  OF  SWITCHING  TERMINOLOGY 

Alternative  Automatic  Routing  - The  action  of  a common-controlled 
office  in  sequentially  testing  trunks  over  several  alternate  routes 
in  attempting  to  complete  a call. 

Amplitude  Modulation  - Process  by  which  a continuous  "carrier”  wave 
IS  caused  to  vary  in  amplitude  corresponding  to  the  amplitude  of  the 
modulating  signal. 


Blocking  - The  inability  of  the  calling  party  to  be  connected  to  the 
called  party  because  (a)  all  paths  are  busy,  or  (b)  because  idle 
paths  in  the  calling  group  cannot  access  paths  in  the  called 
group. 

Bus  - A heavy  conductor,  or  group  of  conductors,  to  which  several 
units  of  the  same  type  of  equipment  may  be  connected. 


CENTREX  Service  - Service  providing  direct  inward  and  outward  dial- 
ing for  PABX  extensions.  The  PABX  is  assigned  a distinct  central 
office  code,  and  made  a part  of  the  numbering  plan.  A main  listed 
number  will  give  access  to  the  PABX  operator. 

Circuit  Switching  - A method  of  handling  traffic  through  a switching 
center  by  interconnecting  incoming  and  outgoing  circuits. 

Class-of-Service  Mark  - A connection,  or  a signal,  which  provides 
information  regarding  the  class  of  service  to  which  a particular 
subscriber  is  entitled. 


Code  Call  Access  - Allows  attendants 


station  users 


access  code  and  a two  or  three-digit  called  party  code  to 
signalling  devices  throughout  a customer's  premises  with 
signal  corresponding  to  the  called  code.  The  called  (or 
party  can  then  be  connected  to  the  calling  party  by  dialing 
me"  answering  code  from  any  station  within  the  PBX  or 
system. 


dial  an 
activate 
a coded 
"paged") 
a "meet- 
CENTREX 


^Smith,  Emerson  C.  Glossary 
Corporation,  1971 


of  Communications,  Telephony  Publishing 
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Common-Channel  Interoffice  Signalling  (CGIS)  - A method  of  transmit- 
ting all  signalling  information  for  a group  of  trunks  by  encoding  it 
and^  transmitting  it  over  a separate  voice  channel  using  time- 
division  digital  techniques. 

Common— C on t r ol  - Describes  an  automatic  telephone  system  in  which 
the  dial  pulses  from  tiie  calling  telephone  (v/hich  constitute  the 
address  of  the  called  telephone)  are  registered,  analyzed,  and  re- 
sent in  the  form  of  a routing  code  to  operate  switches  as  required 
to  establish  the  desired  connection. 


Controlled  Rectifier  - A rectifier  using  a "silicon  controlled 
rectifier"  (SCH)  as  the  rectifying  element.  The  SCK  can  be  trigger- 
ed at  any  point  in  the  alternating  current  cycle  to  control  the 
cur  rent . 

Crosspoint  - A single  inlet,  single  outlet  switch  used  to  construct 
a switching  matrix. 

Crosstalk  - Unwanted  coupling  from  one  signal  path  to  another. 
Faint  speech  or  tone  heard  in  one  circuit,  coming  from  an  adjacent 
circuit. 


Delta  Modulation  — A digital  modulation,  in  which  a signal  repre- 
senting the  difference  between  the  amplitude  scheme  of  a sample  and 
the  amplitude  of  the  previous  sample  is  sent.  Operates  well  in  the 
presence  of  noise,  but  requires  a wide  frequency  band. 

Demultiplexer  - A device  that  reverses  the  action  of  a multiplexer, 
and  derives  a group  of  separate  cliannels  from  the  complex  multiplex 
signal . 

Digital  Circuit  Switch  - A sv;itch  used  to  interconnect  circuits 
between  users  for  the  real-time  transmission  of  digital  signals. 


Field  Effect  Transistor  (FET)  - A tiny  bar  of  n-type  semiconductor 
having  opposite  spots  of  p- type  material.  Application  of  a negative 
bias  to  the  p-type  regions  controls  their  space  charge  region  which 
controls  through  resistance  of  the  n-type  bar. 


Indentified  Outward  Dialing  - Provides  either  automatic  or  attendant 
identification  of  the  calling  station  line  number  to  permit  station 
billing  on  toll  calls.  The  term,  "AIOD,"  refers  to  the  capability 
of  the  system  (and  not  off-board  supplemental  equipment)  to  provide 
this  automatically  by  some  type  of  "print-out."  One  can  expect  a 
high  cost  associated  with  the  AIOD  feature  offering. 
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In-band  Signalling  - A type  of  signalling  using  an  AC  signal  within 
the  normal  voice  band.  This  signal  can  be  transmitted  from  end  to 
end  of  a long  voice  circuit  without  any  intermediate  signalling 
equipment  must  be  arranged  for  "tone  on  when  idle"  operation.  Since 
the  signal  is  audible  the  signalling  equipment  must  be  arranged  for 
"tone  on  when  idle"  operation. 


Line  Balance  - The  degree  of  similarity  between  the  two  conductors 
of  a communication  line.  Balance  implies  equal  resistance,  equal 
inductance,  equal  capacitance  to  ground,  and  equal  leakage  to 
ground.  A balanced  line  will  be  free  of  noise  and  crosstalk. 

Lineswitch  - An  automatic  switch  which  connects  a (subscriber's) 
line  to  an  idle  trunk  within  a group  of  ten.  If  used  as  a "primary 
lineswitch,"  it  has  associated  with  it  the  "subscriber's  line 
equipment . " 


Modem  - A single  unit  of  equipment  which  combines  the  functions  of 
modulator  and  demodulator.  This  is  an  economical  arrangement, 
since  the  two  circuits  can  use  common  elements. 

Multiplex  - Equipment  which  provides  a means  of  transmitting  two  or 
more  signals  over  the  same  transmission  path. 


Non-Blocking  - Describing  a switching  network  having  a sufficient 
number  of  paths  such  that  a subscriber  originating  a call  can 
always  reach  any  other  idle  subscriber  without  encountering  a busy. 


Out-of-Band  Signalling  - An  AC  tone  signalling  system  which  uses  a 
frequency  which  is  within  the  pass  band  of  the  transmission  facility, 
but  outside  of  the  voice  band.  Compandors  are  not  affected  by  such 
a tone  and  signalling  can,  if  required,  take  place  during  the  talk- 
ing condition.  The  type  "N,"  "0,"  and  "ON"  carrier  equipments  use 
out-of-band  signalling. 


PABX  (FOR  ALL  PRACTICAL  PURPOSES  ALSO  EQUIVALENT  TO  PBX ) - Telephone 
switching  equipment  utilized  on  a dedicated  basis  for  interconnect- 
ing the  stations  located  on  a subscriber  premises  between  them- 
selves, and  the  public  dialed  network.  PABX  stands  for  Private 
Automatic  Branch  Exchange,  which  distinguishes  these  from  PBX's  in 
that  the  connection  is  made  automatically  through  dial  manipulation 
rather  than  manually,  which  may  be  the  case  in  PBX  equipments.  How- 
ever, since  very  few  manual  PBX's  are  being  built,  the  two  terms  are 
essentially  synonymous,  i.e.,  almost  all  PBX's  are  PABX's. 

PAX  (PRIVATE  AUTOMATIC  EXCHANGE)  - This  is  telephone  switching 
equipment  similar  to  a PABX,  except  for  the  fact  that  no 
connection  is  permitted  with  the  public  dialed  network. 

MANUAL  PBX  - Any  PBX  not  having  the  capability  for  station-to 
station  dialing  but  requiring  operator  assistance  for  any  and 
all  connections. 

Progressive  Conference  - Conference  in  which  an  operator  calls  each 
participant  in  sequence  as  instructed  by  the  initiator,  notifies  the 
party  of  the  conference,  and  connects  he  or  she  to  the  group. 

Pulse  Code  Modulation  (PCM)  - The  conversion  of  an  analog  (voice) 
signal  to  a digital  code.  The  analog  signal  amplitude  is  sampled  at 
a rate  more  than  twice  the  signal  frequency,  and  the  amplitude  of 
each  sample  is  transmitted  as  eight-bit  code. 

Pulse  Width  - The  time  interval  between  points  on  the  leading  and 
trailing  edges  of  the  pulse  at  which  the  instantaneous  value  has  a 
specified  relation  to  the  peak  pulse  amplitude. 

Rectifier  - An  electrical  device  for  converting  alternating  current 
to  direct  current.  Implies  an  output  which  is  not  pulsating,  and  is 
reasonably  free  from  noise  components.  The  term  rectifier  does  not 
apply  to  a rotary  machine,  such  as  a rotary  converter. 


Redundancy  - Any  excess  of  signal  elements  over  those  required  to 
carry  the  message.  Speech  is  a highly  redundant  form  of  message 
coding.  Certain  data  signals  have  no  redundancy  in  themselves,  and 
must  use  an  extra  redundant  data  bit  for  error  checking.  The  frac- 
tion of  the  total  information  content  of  a message  which  can  be 
eliminated  without  loss  of  meaning. 

Reed  Relay  - A relay  composed  of  reed  units  consisting  of  contacts 
on  moveable  magnetized  reeds  sealed  into  small  glass  tubes.  Coils 
around  the  glass  tubes  are  pulsed  with  a current  to  operate  the 
reed . 
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Tandem  - A switching  arrangement,  in  which  the  trunk  from  the  "n 
ing  office  is  connected  to  a trunk  to  the  called  office  tJirou^r 
intermediate  point  known  as  a tandem  switching  center. 
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Time-Division  Multiplex  - Arrangement  where  several  signals  si.ai* 
single  transmission  facility,  each  being  connected  in  sequence  for  - 
short  period  of  time. 

Transformer  Coupling  - A transformer  used  to  couple  two  circuitt  t , 
means  of  its  mutual  impedance 
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